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2nd Eyropean Symposium

X-Ray Topography and High Resolution Diffraction
Berlin, Germany. 5-7 September 1994

PROGRAMME
Monday Sth September
09.00  H. Klapper Opening
(v 1+ (. Hildebrandt finvited)
l‘:zll'|_\' L‘X[)L‘l'il]\cl\lill proots ol the dy nancal theory p. 7
09.55 M. Schlenker, J.Baruchel finvited)
Topography i magncetisme: domain and phase transition
mvestigations p. X
1) 30) Coffee Break
1100 ). Baruchel, P.Rejmankova tnsated)
Diftraction topographic imvestugations of crystals under
applied electric fields p. Y
[1.25 L 1. Smolsky anvited)
Dependence of defect arrangement in crystals on surface
morphology and on conditions of growth trom solution p. 10

1145 M. Polcarova, A.George, J.Bradler. A.Jacques,

J.Gemperlova (invited)

Interaction of slip bands with grain boundaries - observation by

white beam SR topography p. 11
12.10  S.]. Barnett, A.M.Keir, A.G.Cullis, A.D.Johnson (invited)

In-situ X-ray topography studies during the MBE growth process
of InGaAs strained layers p. 12




12.35

14.00

14.20

14.40

15.15

15.35

15.55

19.00

20.00

Lunch

L. Tapfer
Double- and triple-crystal X-ray diffraction analysis of
semiconductor quantum wires

P. F. Fewster, N.L.Andrew
Applications in multiple crystal diffractometry

P. Kidd, P.F.Fewster, N.L.Andrew

Interpretation of the diffraction profile resuling from strain
relaxation in epilayers

C. Ferrari

Study of thin buried interfaces in -V compound hetero-
structures by high resolution X-ray diffraction

J.C. Bilello, Steven M. Yalisove, Zofia U. Rek

Texture evolution in thin films and multilayers via synchrotron
topography and GIXS

G. Kowalski
X-ray double crystal technique as a tool for point like defect
study

Poster Session

Dinner

Poster Session

Tuesday 6th September

08.30

09.15

: 09.35

V.Holy, T.Baumbach

Surface and interface sensitive X-ray scattering
D.K.G. de Boer

X-ray reflectometry from samples with rough interfaces
H. Dosch

Surface melting of ice revealed by glancing angle X-ray
scattering

(invited)

p. 13

(invited)
p. 14

(invited)

p. 15

p. 16

(invited)
p. 17
(invited)

p. 18

(invited)
p. 19

(invited)
p. 20

p. 21



09.55

10.15

10.30

11.00

11.20

11.40

12.30

14.00

14.15

14.35

M.Nakanishi, O.Sakata, H. Hashizume (invited)
X-ray determination of surface roughness of polished

silicon wafers p. 22
T. Salditt, T.H.Metzger, J.Peisl

Nonspecular X-ray scattering of interfacial roughness in single-

and multilayers p. 23
Coffee Break

A.M. Afanas'ev

New dynamical effects in X-ray standing waves methods p. 24

T.Schmidt, R.Bouchard, H.B.Neumann, H.F.Poulsen,

U.Riitt, J.R.Schneider (invited)
High-resolution triple crystal diffractometry with 100 keV
synchrotron radiation p. 25

A. Snigirev
High energy X-ray microscopy based on Bragg-Fresnel crystal

optics: principles and some applications at ESRF p. 26
J. Gastaldi, E.Reinier, G.Grange, C.Jourdan (invited)
X-ray topographic investigation of quasicrystals p. 27

D.V. Novikov, M.Ohler, F.N.Chukhovsky, R.Kéhler,
G;.Materlik
Obscervation of detects in crystal surface layers by GID X-ray

topography p- 28
Lunch

Y. Epelboin

Simulation of white beam synchrotron topographs p. 29

R. R. Reeber (invited)

Twinning, phase transitions and crystal growth studies from

100 to 800 K p. 30

B.Capelle, A.Zarka, J.Detaint, J.Schwartzel, E.Philippot,

J.P.Denis

Study of piezoelectric materials and piezoelectric devices by

X-ray topography p. 31




14.50

15.05

1525

18.00

B. Jenichen, H.Neuroth, B.Brar, H.Kroemer
Investigation of structural properties of InAs/AISh superlattices
by X-ray methods

R. Kéhler, B.Jenichen, H.Raidt, E. Bauser, N.Nagel
Vertical stress in LPE-Si-layers on SiQ./Si evaluated by X-ray
double crystal topography

Poster Session

Start for Dinner on Boat

Wednesday 7th September

08.30

09.15

09,40

10.00

10.20)

11.00

11.20

11,40

R.Barrett, J.Baruchel, J.Hiirtwig, F.Zontone

Present status of the ESRF topography beamline

- new experimental results

T. Ishikawa

High resolution X-ray optics for the 3rd gencration synchrotron
radiation

C. Giles, C.Malgrange, J.Goulon, F.de Bergevin, C.Vettier,
A.Freund, E.Dartyge, A.Fontaine, ¥F.Baudelet, S.Pizzini
X-ray phase plates for synchrotron radiation

J. Stephenson

Optimised reflectivities for diamond single crystals

Coffee Break

E. Forster

X-ray crystal optics for diagnostics and applications of
laser-produced plasmas

A. Freund

Synchrotron X-ray optics experience at the ESRF

U. Pietsch
Depth resolved analysis of strain profile in semiconductor
superlattices using X-ray grazing incidence diffraction

p. 32

p. 33

pP-

p.

p.

(invited)

34

35

BRI¢

37

.38

.40

-




12.00

12.30

14.00

14.15

[4.50)

1505

15.35

15.50

R.N. Kyutt, S.S.Ruvimov,T.Argunova, N.N.Faleev (invited)
X-ray triple crystal diffractometry characterization of defects
in lattice mismatched epi:axial structures p. 41

3. T. Baumbach, M.Gailhanou, P.Mikulik, M.Bessiere
High resolution X-ray diftraction from epitaxial multilayered

surface gratings p. 42
Lunch
A. R. Lang tinvited)
Exploitation of n-beam dynamical effects in pscudo-Kossel
diffraction patterns of neaily perfect crystals p. 43
E. A. Beliacvskaya, V.N.Ingal, P.V.Petrashen (invited)
The study of transmission phase contrast of non-crystalline
objects with a high-resolution X-ray diftractometry p. 44

R.I. Matyi
Stuctural characterization of GaAs grown at low temperatures
(LT-GaAs) by molecular beam epitaxy p. 45

A. Iberl, H.Gobel, H.Heinecke

Characterization of HII/V-heterostructures grown by selective arca
epitaxy using double-crystal X-ray diffractometry with high lateral
resolution p. 46

E. Koppensteiner, A.Schuh, G.Bauer, G.P.Watson,
E.A Fitzgerald
[2etermination of threading dislocation density in hetero-epitaxial

layers by diffuse X-ray scattering p. 47
M.Tolan

X-ray diffraction from mesoscopic systems: thin films on “rough™
surfaces p. 48

H L.Bhat, H.Klapper, K.J. Roberts
Real-time synchrotron radiation topography of the para-to-

ferroelectric phase transition of ammonium sulphate p- 49
Closing
6
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open system for future
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4 Ultra-stable high power X-ray generator
Two-circle goniometer, horizontal or vertical
TS-goniometer for four-circle diffractometry
X-ray tubes

IR IR

Monochromators: flat, curved
channel-cut and multilavar

Thin-layer analysis attachment

Salid state detectors, positionsensitive
detectors for high speed data collection

4 XDAL 3000 software library

+

Rich. Salfert & Co. GmbH & Co KG
Rontgenwerk
BogenstiraBe 41 - D-22928 AHRENSBURG

Co TELEFON (04102) 7860
TELEFAX +49 (04102) 70 189

XRD 3000 SEIFERT

XRD 7

XRD 7

A reasonable X-ray diffraction
system for routine and special
applications, computer-controlied,
highly efficient anc compact

4 Full radiation protection with automatic
adjustment

Automatic 4- or 30-sample changer
Sampie holder with sample rotation
Graphit secondary monochromator
Thin-layer analysis attachment

EULERIAN cradle for stress measurement
X/Y support

L 2R 2R SR EE R 2B 4

Software configurations

Rich. Seifert & Co. Frelberger
Prézisionsmechanik GmbH
Leipzigar Bir. 10 - D-00800 FREIBERG
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X’Pert-MRD

Ultimate versatility in

Materials Research
-

Now our Materiuls Research Diffractometers
are even more versatile!

A single instrument for all materials problems -

semiconductors, metallic superlattices, super-
conductors polycrystalline materials etc.
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high resolution triple axis mode

Figures are 115 CuKa reflections from a ZnSe on
(001) GaAs sample provided by Dr Michael Heuken,
University of Aachen.

Philips PRILPY
Analytical @
X-Ray

On display at this meeting:

Our new X’Pert-MRD with

# New Pre-aligned Fast Inter-
changeable X-ray Optics
(PREFIX)

# Accutate and fast PW3050
Goniometer

&l New Multiple Application
Eulerian Cradle

& The Philips Ceramic X-ray
tube

& Ergonomic Console including
high frequency Generator

An outstanding and versatile
instrument for fast, complete
and non-destructive mate-
rials analysis.

Philips Analytical X-Ray BV,
Lelyweg 1, 7602 EA Almelo,
the Netherlands,

Tel. +31 546 839430,

Fax +31 546 839598.

Philips Electronic
Instruments Company,

85 McKee Drive, Mahwah,
NJ 07430, USA,

Tel. +1 201 529 6246,

Fax +1 201 529 5084.

PHILIPS
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FARIY EXPERIMENTAL PROOES OF THE DYNAMICAT THEORY

G Hildebrandt

Nt wanver store D DY 40N Berhin

Darw i s dyviemical theorny owhich was restricted to retlected Noravss stronghv disagreed

with fns expeniments (19140 but measaretaents durtng the next twenry vears of halt

widths of the ietlection curve, mtegrated e 'ection ete., mostly on caleite, contirmed the

theory more and more The general theory (Ewald 1917, Lauc 1930, first apphed to

tagher order Bragg angles, was then able to interpret deficiency lines (Wagner 1920) ana

Gerhard - Borrmann  (born - 1908)
about 1968, This photograph was
taken by P.P. Ewuld in the English
Garden in Munich where he inspired
Laue to perform  his  diflraction
experiment, carly in 1912,

some unconscious confirmations of the theory
in the Laue case (Cork, Murdock. Tahvonen
1932 - 1935) and the first evaluation of
Pendellosung tringes (McGillavry 1940), it was
mainly the discovery of new properties of
interfering X-rays in thick quartz and calcite
single cryst Is (anomalously low absorption,
particular direction of energy propagation) by
G. Borrmann (1941/50) that initiated expan-
sions of the theory and provided o deeper
insight into Ewald's wave-ficlds. Later experi-
ments mainly with silicon crystals by Authier,
Bonse, Kato, Lang and many others (on beam
paths, Pendeliosung, topography, interfero-
metry ete.) expanded the field to a veritable
"Kristalloptik der Rontgenstrahlen™ as it was

called already in 1917 by P.P. Ewald.




FLOPOGRAPEY IN NMTAGNE TNV
DOMAIN AND PHASE TRANSITION INVESTIGATTONS

Miche! Schienker © and Jose Baruchel

| , L. L. .
Pl atore Do Noeo CONRS P 0]l e B INIM D G e 0ty
From e

a

e brropean Sxnchrotron Radianon ooy B 220000 ANU3ET crenobi

Modern ditfraction maging started wath the development ot Tang s rechngues ot
section and naverse Ny topoeraphy . The pronectng and pideed much ot thie
foundation work m the use of topography in magnettsm was that ot Podearova, who, ma
sertes ol papers starting m 1962 [HL analy zed the mavnetostic i e distartion due o
ferromagnetie dortamns and how it produces contrast on N ray images

Magnetsm has used hoth Xy topography, which has produced by far the larpe
number of works, wath an ever mmcreasing part o svachrotron radiation SRy, and
neutton topography - They have complementary capabihiies tor the invesngation bath of
magnetie domains and of phase coexastence

Fhe salient advantage of acutrons (2] s that thes nteract derectiy warth the magnetic
structure. Local changes in the magnetic structure. e magnetic domains, can give rise (o
changes i retlectvity and be imaged. even b they do not correspond to changes in
macroscopie magnetization noran lattice distortion. Thas antiferromagnetic domains of
varnous kinds, imcludimg spin densite wave domams an chronuum [3], chirality
(handedness s domaims i helimagnoets and 1807 thimie-reversed) domans in rutile-type
transition metal fluordes, could be explored and some aspects of their behavior
investigated for the first tme. In phase coexistence observation, neutrons offer the
possibility of directly characterizing the ditferent phases. However, this technique is slow
and has very poor resolution because there are tew neutrons. Furthermore it was inactive
for three years due (o the shutdown of Tnsutut Laue Langevin, It will resume n 1995,
and cooperation can he discussed.

X-ray topography 1n the tform used tll now, 1.e. with Thomson (electron charge)
scattering, relies on the changes in distortion assoctated with domains or different
phases. Thus practically all fiest-order phase transitions [4], but only some kinds of
domains, can be observed. The <peed and good resolution of synchrotron radiation make
it convenient to observe doman and phase boundary movements under the effect of
temperature and magnetic tield variations [2.4]. Very valuable results were also obtained
an the physics of the magnetic materidls that host the donuuns or walls, e.g. the strain
distribution due to local on implantation in gamets [S].

Modern synchrotron radiation sources, with their high intensity beams (a tactor of
102 larger than on standard SR sources) including high energy photons, and small
sources at large distances from the specimen, are fine tools for topography, among
others in magnetismi. In particular the resolution (spatial or angular), can be tailored to
some extent and is good. The possibility of topographic investigations using magnetic X-
ray scattering is exciting.

[1] Polcarova, M., Lang, A.R., Appl. Phys. Lett., 1, 13-15(1962); Lang, A.R.,
Polcarova, M., Phil. Mag. Lett., 63, 225-231 (1991)

(2] Baruchel, J., Physica B, 192, 79-93 (1993)

[3] Ando, M., Hosoya. S., J. Appl. Phys., 49, 6045-6051 (1979)

[4] Tanner, B.K., Bowen, D.K. Mater. Sci. Rep.. 8. 369-407 (1992)

[5] Miltat. J., Phil. Mag. A, 57, 685-702 (1988)




BIFFRACTION TOPOGRAPEIC INVESTIGATIONS OF CRYSTALS
UNDER AN APPLIED ELECTRIC FIELD

J. Baruchel and P.Rejmankoeva
Lurapean Svnchrotron Radwtion Facdoay, BP 220, 38043 Grenable. France

Ditfracuon topography has been used to investigate the etfect of an applied Jde
ficld on single crystals which exhibot onie conductivity and piezoelectricity. Results
were reported in quantz [ -3, KH;PO4 4], KTIOPO4{5], LiN;HsSO4 and LiNH4S04
[o].and o-LilO3{7-10] Similar stedies were carmied out on other crystals like Si|11].

A summary of these electric field (from =102 to 10® Vm™!) related effects is not
a simple task because their magnitude is temperature and sample dependent. and their
oceurrence is a function of the applied field range, and of the time delay after the field
applicanon. The experimental facts which are listed below are consequently not always
observed simultaneously on a given experiment:
1) dense population of fine lines running along the ionic conductivity axis; the details of
these lines can be o function of the electrode actual setting
2) visibility of some of growth bands and other defects, which were nearly invisible at
zero field
3) occurrence of nearly planar defects parallel to the ionic conductivity axis and te the
main surfaces of the platelet shaped crystals
4) enhanced gradient of distortion in the neighbourhood of some of the surfaces
5) thicker lines associated with a migration of ions from the ¢lectrode into the crystal
6) non visibility of some of the defects present at zero field

Examples of these points, obtained cither using classical sources or synchrotron
radiation, for different materials will be presented. The influence of the nature and
irregularities of the electrodes will be discussed. We will emphasize on the new
possibilities of "section’ topography at modem facilities like the ESRF.

A non uniform nearly one-dimensional ionic conductance is mainly invoked as a
basis tor the interpretation of the observed effects: the current mostly flows either
through "channels” or crystal inhomogeneities, or in the neighbourhood of surfaces,
leading to the occurrence of a non homogeneous space charge density.

But several questions require more work to find a definite answer. The most
important one concerns the mechanism connecting the variation of space charge to the
observed gradients of distortion. It seems probable that the piezoelectric properties of
these compounds, which display the same symmetry as the observed effects [ 10], are
to be taken into account when working out this mechanism in more detail.

(1]S. KEERT1 and AR. LANG, J. Appl. Cryst. §, 72 (1972)

2] L.S. YAMASHITA and N. KATO, J. Appl. Cryst. §, 623 (1975)

(3] M.T. SEBASTIAN, A. ZARKA and B. CAPELLE, 1. Appl. Cryst. 2], 326 (1988)

{4} C. BELOUET and M. MONNIER, Acta Electronica 18, 143 (1975)

(5] M.T. SEBASTIAN, H. KLAPPER and R.J. BOLT, J. Appl. Cryst. 25, 274 (1992)

[6) M.T, SEBASTIAN, R.A. BECKER and H. KLAPPER, J. Appl. Cryst 24, 1015 (1991)

{7) L1 YINYUAN, Adv. in Scicnce ol China, Physics, Vol. 1, p. 45 (Science Press, Beijing) (1985)
(8]} M.T. SEBASTIAN, H. KLAPPER and S. HAUSSUHL, Inst. Phys. Conf. Scr. 103, 53 (1989)
191 1. BOUILLOT ct al., J. Physiquc 43, 1259 (1982)

{101 J. BARUCHEL, J.BOUILLOT and E. COQUET, Phil Mag. B 63, 1051 (1991)

{11]) K. LAL and P. THOMA, Phys. Swt. Sol. (a) 80, 491 (1983).
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DEPENDENCE OF DEFECT ARRANGEMENT IN CRYSTALS ON
SURFACE MORPHOLOGY AND ON CONDITIONS OF GROWTH FROM
SOLUTION

1.1..Smolsky

Institute of Crystallography of Russian Academy of Sciences
Leninsky prospect 59, 117333 Moscow, Russia

X-ray topographic methods have been used for studies of real structure of
crystals grown from solution (KDP group) in relation with growth conditions.

Systematic deviations of dislocations from the minimum-energy orientations
[ 1] have been observed. These deviations are step-like at crystallisation temperatures
fower 35°C and more smooth at higher teraperatures. They are related with intlu-
ence of the morphology of the growing face, predominantly macrosteps. on the ori-
entations of the grown-in dislocations. The alternation of the macrosteps and the
groups of elemental growth steps can bring to  significant deviation of e disloca-
tion direction from the minimum energy orientation. Nevertheless there is no con-
tradiction with the theory |1].

Diftusion processes take place during growth from solutions. They atfect on
the crystal defects and therefore can be fixed. X-ray topographs show helices or dis-
location tangles tormed on the initially screw dislocations as a result of inho-
mogeneity in impurity distribution or intrinsic point defects near the macrostep
edges.  Activity of the diffusion processes increases with increasing supersaturation.
Distribution of defects and inhomogeneities are usually forming by the seed geomet-
ry and regeneration conditions. Using of  "point seed” allows to decrease inner
stratns in the crystal and to control the crystal habit in  correspondence with the
dislocation  growth mechanism,

Crystals  grown from solutions with ditferent pH meanings show difference in
the crystals homogeneity. Contrast of the growth bands and sectorial boundaries is
almost invisible on the X-ray topographs made from crystals grown at the pH 2.3
but it is strong in crystals grown at the pH- 4.8 in the same regime. Connection of
this etfect with the ditterence in the distribution ratio for tri- and divalent cationic
impurities is supposed.

Reference
I1] H.Klapper, Yu.M.Fishman, V.G.Lutsau. Phys.Stat.Sol.(a), 21,1185, (1974).
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INTERACTION OF SLIP BANDS WITH GRAIN BOUNDARIES -
OBSERVATION BY WHITE BEAM SR TOPOGRAPHY

M Polcarovi*, A George**, J Bradler®, A Jacques**, J Gemperlova*

®  [nstitute of Physics AV CR, Na Slovance 2, 180 400 Praha 8, (Czech Republic,
s Laboratoire de Métallurgie Physique - Sciences des Matériaux, Lcole des Mines de
Nancy, Parc de Saurupt, 54042 Nancy, France

The intluence of grain boundary (GB) type on transmission of slip bands was studied by
X-ray diffraction topography. Obscrvation was performed on bicrystals of Fe-Si alioys (4
and 6at%Si), the GBs were special ones with low Z. First experiments were made using
laboratory X-ray sources and several topographic techniques on specimens deformed by
compression The topographic contrast was evaluated quantitatively by comparison with
simulated 1mages. The calculation was based on a simple model of dislocation pile-ups at
GBs [1] The SR in situ experiments were performed at LURE, Orsay, using white beam
reflection topography. The specimens were situated in a tensile stage produced at Ecole
des Mines de Nancy. The topographic images of samples under tension were observed
using X-ray sensitive camera. Major changes in the slip band pattern were recorded on
photographic plates.

The e¢ase of shp transmission across GB depends on the parameter M = (L, . L,) .
(b, . by), where L, are divections of intersection lines of slip planes with GB and b, are
ship directions in the two grains. The higher its value, the easier the transmission of slip.
Besides this geometric criterion the stresses exerted by dislocation pile-ups in one grain
are important for slip system formation in the second grain [2]. Three different types of
samples with different values of the parameter M have been chosen. Nucleation and
propagation of slip bands, their stop at the GB and transmission across it were observed.
Unloading of the specimen did not cause any change of the slip bands The plastic
deformation developed usually independently in both grains, the transmission of slip
bands across the grain boundary was observed rarely even in the cases of maximal value
M=1 (the Burgers vectors and slip planes parallel in both grains). Two explanations of
this effect are suggested. The GB structure itself influences significantly the slip
transmission. The real GBs differ slightly from the theoretical small £ misorientation,
therefore several systems of dislocations appear in the GBs which interact with the slip
dislocations. The GB planes are favourite sites for impurity segregation and a variation of
Si concentration. The atomic structure of GB is modified and thus the barrier for the
dislocation movement is strengthened.

[1] Gemperiova ], Polcarova M and Bradler J 1991 J. Appl. Cryst. 24, 316
[2] Jacques A, George A, Baillin X and Bacmann J J 1991 Philos. Mag. A 58, 165
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IN-SITU X-RAY TOPOGRAPHY STUDIES DURING THE MBE GROWTH
PROCESS OF InGaAs STRAINED LAYERS

ST Bamett, AM Keir, AG Cullis, AD Johnson. J Jefterson, GW Smith, | Martin
DRA Malvern, St Andrews Road. Malvern, Worcs, WR14 3PS, UK

CR Whitchouse, G Lacey
Department of Electronic and Electrical Lingineering, University of Sheffield. Mappin
Street, Sheffield, S1 3D, UK

GF Clark
SERC Daresbury Laboratory, Daresbury, Warrington, WA4 4AD, UK

BK Tanner, W Spirkl
Department of Physics, University of Durham, South Road, Durham, DH1 3LL, UK

B Lunn’, JCH Hogg. P Ashu, WE Hagston
Department of Applicd Physics, University of Hull, Hull, HU6 7RX, UK
"Department of Engineering Design and Research

(M Castelh
Department of Electronics, Universtiy of York, Heslington, York, YOI 5DD, UK

We report recent results from a novel facility constructed to cnable in-situ X-ray
diffraction studies during the MBE growth of 11I-V strained layer device structures on
50mm diameter substrates''!. This new facility, used in conjunction with the Daresbury
synchrotron source, permits X-ray topographic (XRT) imaging of individual misfit
dislocations formed during the MBE growth process. The misfit dislocation growth and
interactions can be imaged as a function of layer thickness, strain, growth and post-
growth conditions.

Recent results have shown that the nature and distribution of dislocations threading up
tfrom the substrate are crucial in determining the initial pattern of epilayer relaxation,
Under certain growth conditions and substzate dislocation distributions large areas of the
epilayer remain free of mistit dislocations at epilayer thicknesss significantly higher
than the measured initial critical thickness t.. We have observed, in-situ for the first
time, a second critical thickness 1, (under certain conditions t,, > 2(,!”) at which there
is a rapid increase in misfit dislocation density as a second dislocation source becomes
active. The precise nature of this second source will be identified by detailed TEM
analysis on arcas of sample accurately targeted by the in-situ XRT.

The XRT Experiments are described and the demanding experimental requirements
imposed by the in-situ nature of these experiments are discussed. Recent experimental
results demonstrating newly revealed aspects of the relaxation process are presented.

1. CR Whitehouse, SJ Barnett et al, Rev. Sci. Instrum. 63 (1992) 634
2. CR Whitehouse, SJ Barnett et al , Inst. Phys. Conf. Ser. No 134 (1993) 563
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Double- and Triple-Crystal X-Ray Diffraction Analysis of Semiconductor
Quantum Wires

[.. Tapfer
Centro Nuzionale per la Ricerca e o Sviluppo dei Materiali ((CNRSM)
SN 7 Appia ke 7120 1-72100 Brindisi. ltaly

This paper describes the potentialities of high-resolution x-ray diffractometry to
investigate and characterize nondestructively the geometrical and structural properties
of corrugated  surfaces  (surface  gratings) and  periodic quantum  wires.  The
periodically corrugated  surfuces were prepared by holographic lithography and
subsequent reactive jon etching of (JOMCGaAs surfuces, while the quantum wires
were tabricated by using InAS/GuAs quantum wells grown by molecular beam
epitaxy onto (1OMGaAS substrates. 12

The surtace gratings and guantum wires are investigated by using double- and
triple-crystal x-ray diffraction measurements and x-ray reciprocal space imapping. The
experimental patterns are analyzed by using a semidynamical diffraction model. The
dynamical theory is used in order to describe the x-ray ditfraction of the substrate
crystal, while the Kinematical theory is used to describe the x-ray diffraction of the
surface grating. The interference between different parts of the periodic surface array
is described by using the multiple-slit Fraunhofer formalism. The simulation of the
experimental diffraction patierns allows us to deterinine the shape and the geometrical
parameters (period. width, height, ete) of the surfuce corrugations and quantum
wires, ?

By measuring reflection curves in the symmetrical and asymmetrical  diffraction
geometries we found g partial elastic strain relaxation of such quantum structures tor
which the unit cell was tetragonally distorted betore the etching process. The strain
relaxation results in an orthorhombic deformation of the unit cell.4 The elastic strain
relaxation  phenomenon  in guantum  wires can be explained and described
guantitatively by using Hook's law and applying appropriate boundary conditions at
the wire-substrate interfuce.® [n our strain model, we assume that the lattice coherence
at the wire-substrate intertace is achieved only along the wire direction, due to the
limited lateral extension of the wires.

1 L. Tapfer and P. Grambow, Appl. Phys. 80, 3 (1990)

2 L. Tapfer et al., Appl. Surf. Sci. 60/61, 517 (1992)

3 L. De Caro, P. Sciacovelli and L. Tapfer, Appl. Phys. Lett. 64, 34 (1994)
4 L. De Curo and L. Tapfer, Phys. Rev. B49, 11127 (1994)




Applications in Multiple Crystal Diffractometry

Pau! ¥ Newster & Norman 1. Andrew
Pinlips Kesearch Laboratories
Cross Cak Lane, Redhill, UK.

The elucidation of the structure of semiconductor multilayers can be adequately determined by
x-ray methods but the interpretation is not always straight-forward. The presence of defects and
diffraction effects can create significant changes to the diffraction pattern thai requires a more
complete analysis by diffraction space mapping. Interpreting the diffraction space maps when
obtained with the High Resolution Muliple-Crystal Multiple-Reflection Diffractometer permits
the use of three extra very powerful tools. ‘The first is the use of multiple-crystal topography to
relate diffraction space intensity features to lateral contrast on the photographic emulsion. the use
of accurate lattice parameter determination of diffraction features and the simulation of the
diffraction shapes using dynamical theory.

I'xamiples of these procedures will be presented in this talk.




INTERPRETATION OF THE DIFFRACTION PROFILE
RESULTING FROM STRAIN RELAXATION IN EPILAYERS

P Kidd,

Department of Matenals Science and Engineering. University of Surrey,
Guildford GU2 SXH, U.K.

P F Fewster, N 1. Andrew

Philips Research Laboratories. Cross-Oak Lane, Redhill, RHI SHA, U.K.

With the advent of high resolution triple axis diffractometry and its application
to reciprocal space mapping, we are now in a position to make quantitative
measurements of the distributions of crystal strains and rotations arising from
arrays of defects in crystals. When a strained epitaxial layer relaxes, the
interfacial misfit dislocations are rarely ideal infinitely long or regularly
spaced edge dislocations. Thus, in addition to the displacements required for
the relief of misfit, the dislocation strainfields and threading arms cause local
bending and tilting of the crystal planes. Relief of misfit strain is measured as
a shift in the layer Bragg peak position, whereas local bending and tilting of
the crystal planes in the vicinity of dislocations gives rise to diffuse scatter
around the Bragg peak. The aim of this work is to interpret and model the
diffraction profiles in terms of the underlying dislocation distributions in the
relaxing layers.

We have studied the profiles of the Bragg peaks and diffuse scatter in
reciprocal space along both the plane perpendicular (q1) and plane parallel
(ql) directions for sample structures consisting of layers of In ,Ga,As grown
by MBE on [001] oriented GaAs substrates. The samples have different layer
thicknesses and different dislocation distributions. We have measured the
dislocation distributions in the interfaces using plan view TEM. We find that
for thin layers with low dislocation densities the diffraction profiles in both the
plane perpendicular (q1) and plane parallel (qll ) can be modelled by
considering two components of the diffraction profile, namely; dynamical
scattering from the coherently coupled regions of perfect layer between
dislocations and diffuse scatter from decoupled regions around the
dislocations. From the gli profile a lateral dimension can be associated with
the rsgions which give rise to the diffuse scatter, and we show that this
dimension scales with the layer thickness. For thicker layers with higher
dislocation densities, the strainfields of the dislocations overlap. In this case
the diffraction profiles in (41) are modelled by considering the ratio of the
depth of coherently scattering decoupled crystal, above the dislocation array,
with the total depth of the layer, assuming that scattering from the greatly
distorted crystal close to the array is lost. Along qll the diffuse scatter is
modelled on the basis of a statistical distribution of finite correlation lengths
and microscopic tilts. -




Study of thin buried interfaces in I11-V compound heterostructures by
high resolution X-ray diffraction

Claudio Ferrari
CNR-MASPEC Instilute, via Chiavari 18/A, 43100 Parma Italy

Interface  sharpness and  planarity arc of fundamental importance in
determining electrical and optical propertics ol devices based on extremely thin
active regions. To study this problem high resolution x-ray diffraction techniques
can be used in two different ways:

i) in multi quantum well based heterostructures  the interface parameters can
be determined by fitting the superlattice peak intensity and broadening in x-ray
rocking curves,

i1) in single quantum well heterostructures the intensity fringes arising {rom the
of x-ray standing wave interference between substrate and cap layer depends on
the well thickness and mismatch.

As an cxample of the first case, the InGaAs to InP and InP to InGaAs
interfaces in InP based structures are studied. It is shown that heavy incorporation
of As up to 20% in the InP and P in the InGaAs growth surfaces oceur due to
surface exposure to the competing group V atom flux (1). From the rocking curve
analysis incorporation depth and local As or P concentration are cvaluated,

As for the second point is concerned, the interface sharpness in InGaAs/GaAs
based heterostructures s known to be  severely affected by the In segregation
toward the growth surface (2). From literature In segregation length values
ranging from 1 to several monolayers are reported. In this work a new approach
based on the measurements of x-ray diffraction profiles of single monolayer
InAs/GaAs structures in ditferent geometrical conditions is developed. A
segregation length of nearly 2 monolayers, slightly dependent on the growth
conditions is found.

(1) Feerari C., Lazzarini L., Salviati G., Gastaldi L., Taiariol F., Schiavini G.,
Rigo C., 1993 1EEE Proc. of the Fifth International Conference on "InP and
Related Malterials”, Paris.

(2) M. Moison, C. Guille, F. Houzay, F. Barthe, M. V. Rompay, Phys. Rev., B40
(1989) 6149,
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TEXTURE EVOLUTION IN THIN FILMS AND MULTILAYERS VIA
SYNCHROTRON TOPOGRAPHY AND GIXS:

J. C. Bilello and S. M. Yalisove,

Materials Science & Engineering, University of Michigan, Ann Arbor, M1 48109:
7. U. Rek,

Stanford Svnchrotron Radiation Lab, 2575 San Hill, Menlo Park, CA 9425,

Sputter deposited tilms and multilayers are used for o wide variety of applications
including protective coatings on turbine engine blades. magnetic recording heads, optical
clements, electronic packaging, x-ray filters and monochromator components to name o
few examples.  This wide range of interest requires growth thicknesses from a few
nanometers to tens of microns depending on the particular product. In many applications
control, or even possible maniputation, of the growth texture is essential for producing
the desired physical propertics.  Fundamental knowledge of the growth texture in the
arowth direction, as well as within the plane of growth, as a function of processing
conditions is necessary. No single technigue is capable of scanning the entire thickness
range of film growth. A varicty ol x-ray metheds including grazing incidence x-ray
scattering, conventional pole figure studies and white beam synchrotron topography
were used to study texture evolution for the thinnest films up to the thickest multilayer
coatings.  The results of these texture measurements are discussed in terms of the

evolving microstructure observed via transmission electron microscopy.
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X-RAY DOUBLE CRYSTAL TECHNIQUE AS A TOOL FOR POINT LIKE
DEFECT STUDY

Grzegorz Kowalski

Institute of Fxperimenmtal Physics, Warsaw University
ul. Hoza 69, 00-681 Warsaw, Poland

X-ray experiments like multi-crystal diffraction techniques are usually seen as tools for
studying large lattice imperfections and probes for significant crystal volumes.But even
with beam sizes around Imm? there 1s a weaith of information to be gained by
appropriate design and execution of the experiment. Point like defects always have
been on the list of potential subjects for the study by X-ray techniques but either the
stze or density of the defects had to be on the scale acceptable by X-ray experiment. In
case of crystal defects whose size is smaller then the resolving power of the X-ray
method some averaged values of the diffracted intensity can only be measured and this
being subject to diffuse scattering experiments. By applying in-situ controlled
conditions of the experiment like: temperature, illumination, pressure, magnetic field,
electric field etc. it is possible in some cases to acquire additional information regarding
point like defects. For the first time X-ray experiment was able to successfully record
and follow transition of metastable EL2 defects in SI GaAs [1]. El2 being already
recognized as AsGa (arsenic antisite) single atom defect is a prime example of the
potential of X-ray diffraction methods. Double crystal diffraction technique used in this
case confirmed results and predictions from optical absorption measurements of this
material as well as it yielded some new unexpected informatinn as to the behavior of
the EL.2. This new approach was then applied to study DX center in AlGaAs: Te [2] as
well as to examine novel Low Temperature GaAs MBE layers [3,4]. Especially in the
LTGaAs results of measurements are spectacular in a way that they lead to and confirm
that in this case El.2-like defects are divided into two groups with different time
constants for their metastable behavior [5]

[1] G.Kowalski, M. Leszczynski, Appt Phys Lett. 89 (20) (1991)

[2] M Leszczynski, T Suski, G.Kowalski, Semicond Sci. Tech. 6 59 (1991)

[3] M Leszczynski, G Kowalski, M Kaminska, T Suski, E.R Weber,
Semicond.Sci. Tech. 6 B66 (1991)

[4] G Kowalski, M Leszczynski, A Kurpiewski, M. Kaminska, T Suski, E.R. Weber,
Mat Res Soc. Symp Proc. 241 125 (1992)

[5] G.Kowalski, A Kurpiewski, M. Kaminska, E.R. Weber, Mater Sci. &Eng. B22 27
(1993)
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SURFACE AND INTERFACE SENSITIVE X-RAY SCATTERING

V. Holy (a) and 'T. Baumbach (b)

(¢) Department of Solid State Plysies, Faculty of Seience, Notldiskd 2, 61137 Bruo,
Czech Republie.

(b Institute Laue-Langevin, BP 156, Avenue des Martyrs, 28042 Grenoble, Franee,

The sensitivity of X-ray scattering to the state of surface and/or interfaces in lay-
ered samples substantially depends on the penetration depth of X-rays, Very small
penetration depth can be achieved in the following experimental modes:

o coxtremely asymmetric coplanar diffraction {AXRD).
e non coplanar grazing incidence diffraction (GID), and
e X ray reflection (e, diffraction with zero diffraction vector - XRR).

N-ray scattering in perfect stractures (flat interfaces, no volume defeets) can be
described by means of the dynamical diffraction theory. In all the above modes, in-
terface defects (roughness) reduce the colicrently scattered intensity (diffuse extine-
tion) and increases the divergence of the scattered beams (diffuse Xoray scattering).
Theoretical description of these processes is based on the Distorted Wave-Born -
Approximation (DWBA). In this method, the diffuse scattering is described as a
transition between two undisturbed dynamical wavefields in the perfect structure.

The scattered intensity can be represented being the function of the wave vee-
tor transfer Q = K, — K. In the reciprocal space distribution of the scattered
intensity several characteristic features can be observed. The correlation properties
of the interface roughness concentrate the diffusely scattered intensity distribution
mto small arcas close to the reciprocal lattice points. The shape of these maxima
depends both on in-plane and on vert cal (inter plane) roughuess correlations. Dy-
narical seattering processes are the cause of resonant peaks (the Yoneda wings in
NRR Aor instance) that are stretehed along the Favald spacves in reciprocal space.
All these effects can be observed by Xoray diffractometry and reflectometry that
cnables us to scan the scattered intensity distribution in reciprocal plane near the
reciprocal lattice point.

In spite of the fact that all the experimental modes can be deseribed in an
untform way. they characterize the interfaces from different viewpoints. XRR is
sensitive only to interface morphology. while the diffraction methods (AXRD and
GIDY also to erystalline quality. G is extremely sensitive to small in-plane atomar
shifts and. therefore, to lateral strain relaxation in layers,

In the leeture, both theoretical and experimental aspects will be reviewed of the
surface-sensitive scattering modes and their results will be compared.
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X-RAY REFLECTOMETRY FROM SAMPLES WITH ROUGH
INTERFACES

D.K.G. de Boer
Phalips Research Laboratories, Prof. Holstlaan §. 5656 AA Findhoren,
The Netherlands

If X rays impinge at a grazing angle on a sample with rough interfaces, thev
can be reflected coherently (n.e. specularly) or incoherently (i.e. diffusely), and
also transmitted coherently or incoherently. The transmitted x rays can be ab-
sorbed and excite x-ray fluorescence radiation, which can be measured in an angle-
dependent x-ray fluorescence (AD-XRF) experiment.

We will show that the interface composition and ronghness (both in perpendie-
ular and lateral directions) can be obtained from x-ray reflectometry and AD-XRF
experiments, N-ray standing waves, set up in layered materials, can provide the
interface roughness profile and the chemical composition as a function of depth in
diffuse reflection and AD-XRF measurements. respectively,

The theory of the influence of interface ronghness will be disenssed and CXPOr-
iments vielding detailed information on the interfaces will be presented.
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SURFACE MELTING OF ICE REVEALED BY GLANCING ANGLE
X-RAY SCATTERING

H. Dosch

Bergische Universitdt Gesamthochschule Wuppertal,
Institut fir Materialwissenschaften,
Miingstener Str, 10, 42285 Wuppertal

We present glancing angle x-ray scattering experiments at (00.1), and (11.0) surface of
ice I, single crystals. The temperature dependence of the evanescent Bragg scattering
upon heating reveals a quasiliquid surface {ayer well below the melting point on each
investigated ice surface. At (10.0) and (11.0) surfaces, thermal faceting is observed,
which is briefly discussed. The "oxygen-forbidden" (00.4) Bragg profiles which give
direct access to hydrogen long-range order have been investigated in the bulk and close
to the surface. Although in the bulk the (00.4) width is resolution limited, we
discovered prior to surface melting a strung disorder of the hydrogen bonds within a

mesoscopic surface sheet.
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X-RAY DETERMINATION OF SURFACE ROUGHNESS OF POLISHED SILICOM
WAFERS

M. Nakanishi, O. Sakata and H, Hashizume

Research Laboratory of Engineering Materials, Tokyo Institute of
Technology, Nagatsuta, Midori, Yokohama 227, Japan

Highly flat and smooth silicon surfaces are required in device fabri-
cation of down-~scaled microelectronics. While classical profilometers
using optical and mechanical probes map micromorphologies of surfaces
with super- and sub-micron lateral resolutions, scanning tunneling
microscopes image topographs of a small area with atomic resoluiions.
X-ray scattering methods can evaluate average surface roughness with
nanometers lateral resolutions, filling the gap between the techniques
in current use. The X-ray methods are unique in their capability to
investigate buried interfaces nondestructively. The present study
applies grazing-angle X-ray reflectivity (GAXR, and X-ray scatterings
along the surface normal (XSASN) to the determination of the roughness
of model silicon surfaces prepared using mechanochemical polish tech-
niques, Surfaces of four different roughness levels (2~20 A rms)
were prepared on (100) silicon wafers and examined on a triple-axis X-
ray reflectometer and a triple~crystal diffractometer at a synchrotron
radiation source, The same surfaces were also investigated using a
state-of-art Talystep profilometer (by Jean Bennett at China Lake,
California) and a WYKO optical interferometer (by M. Nakano at Shin-
Etsu Handotai Co.). The Talystep used a conical stylus with a 0.7 um
tip radius, while the WYKO imaged interferograms on a CCD device with
a 1X1 um pixel size. X-ray data were analyzed by including Debye-
Waller~type factors in Parratt's formulae for GAXR from multilayered
structures and Cowley’s formulae for XSASN (or crystal-truncation-rod)
intensities to evaluate rms roughness (¢ ) [1]. The GAXR data allowed
separate evaluations of 0's at the air~SiOz and oxide-silicon interfaces.
The ¢ values calculated from X-~ray measurements correlate well with
roughness measured directly by mechanical and optical profilometers,
but a systematic discrepancy is found between the ¢ values for the
oxide=-silicon interfaces determined from the GAXR and XSASN data. It
will be discussed if this concerns the total and crystalline com-
ponents of roughness at the interface or the different spatial wave-
lengths sensible with the two X-ray techniques.

We thank T. Abe for the sample provision.

[1] Niwa, T., Sugiyama, M., Nakahata, 7., Sakata, 0. and Hashizume
H. (1993). Surface Science 282, 342-356.
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NONSPECULAR X-RAY SCATTERING OF INTERFACIAL ROUGHNESS IN
SINGLE- AND MULTILAYERS

T.Salditt, T H. Metzger, J. Peis]
Sektion Physik der Universitat Minchen,
Geschwister-Scholl-Platz 1. D-80539 Miinchen,

A short overview is given on the different nonspecular -ray scattering methods
that have been applicd to deduce information on the height-height self- and cross-
correlation functions of one or several rough interfaces [1-3]. 1t is shown that the
scaling behaviour of the height fluctuations, as predicted by the theory of kinetical
roughening {1-3], can only be tested if the data is sampled over a sufficiently large
Q range. A comparison between different scattering geometries is made, i.e. the
so-called rocking, detector, offsct, and out-of-plane scan, respectively. Furthermore,
special forms of the height-height self-correlation function and the corresponding
structure factors according to the distorted wave Born approximation [7] are dis-
cussed. For a single rough interface the x-ray scattering results are compared with
measurements by atomic force microscopy. Finally, a new method to measure the
degree of conformality in multilayvers as a function of parallel length scale is proposed
(8.

References
(1] W.Weber, B.Lengeler, Physical Revicw 1346 7903 (1902,
(2] D.E.Savage of alo. J . Appl. Phys. 69 110E1 (1991),
(3) Y W Phang o6 alo . Appl. Phys T4 3181 {1993).

[4] for anoverview: J.kvag, H.Spohnin Solids far from equdibriu i, ed. C.Godreche
(Cambridge Univ. Press, 1992).

(5] S.F.Edwards, D.R.Wilkinson, Proc. Roy.Soe. London A 381, 17 (1982).
(6] M.Kardar, G.Parisi, Y.C.Zhang, Phys.Rew.Lell, 58, 869 (1986).
(7] S.K.Sinha, F.B.Sirota, S.Garoff, and H.B.Stanley, Phys, [tee 3 38, 2297 (1938).

(%] T.saldite, TALMetzger, J.Peisl, to be published (1994).
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New dynamical eftects in X-ray standing waves methods

A. M. Afanas’ev
Institute of Physics and Technology of Russian Academy of Sciences
Krasikova str. 25, 117418 Moscow, Russia

The peculiarities of the secondary radiations yields accompanying the X-ray diffraction
have been considered. The well known in the dynamical theory the Borrmann effect and the
Pendelozung effect reveal itself in abig variety of different qualitative forms depending on
the type of the secondary radiation, the diffraction geometry and the coherence conditions
/1/. Owing to these peculianties, the X-ray standing waves method can be applied
essentially wider than it is utilized up to now.

Another very pronounced effect exists at the grazing asymmetric diftraction on the
boundary Bragg- Laue transition when the diffraction beam moves exactly parallel to the
crystal surtace. This beamare forined inside the crystal on some distance from the surface
anddue to this fact piratically can not be observered in the standard diffraction experiments.

On the other hand, the cross-section of the beam appears to be very small and, as a
consequence, the density of the energy flow in the beam appears to be very high exceeding
the one in the incident beam on a few orders of magnitude /2/. This effect reveals as a
drastical increase of the photoelectron yield /3/.

References:

/1/. A, M. Afanas’ev, R. M. Imamov, and E. Kh, Mukhamedzhanov, Cryst.
Reviews 3(1992) 157-231.

/2/. A. M. Afanas’ev and A. V. Esayan, phys. stat. sol. (a) 126 (1991)303-313.
{3/ A M. Afanas’ev, R, M. Imamov, E. Kh. Mukhamedzhanov, A. V. Esayan,
and A. A, Bzheumikhov, Sov, Phys. Solid State 36(2) (1990) 383-384.
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HIGH-RESOLUTION TRIPLE CRYSTAL DIFFRACTOMETRY
WITH 100 KEV SYNCHROTRON RADIATION

T. Schmidt, R. Bouchard, H.-B. Neumann, H.F. Poulsen, U. Riitt and
J.R. Schneider

Hamburger Synchrotronstrahlungstabor HASYLAB

at Deutsches Elektronen-Svnchrotron DESY, Notkestr. 85, D-22603 Hamburyg
W. Zulehner

Wacker Chemitronic GmbH, Postfach 1140, D-84489 Burghausen

The absorption of 100 keV synchrotron radiation in matter is weak and, as normally
done with neutrons, bulk properties are studied in iarge samples. However, the k-
space resolution obtained with a Triple Crystal Diffractometer (TCD) for high encrgy
synchrotron radiation is about one order of magnitude better than in high resolution
neutron ditfraction.

Magnetic superlattice reflections have been measured in MnFo, a classical antiferro-
magnet, demonstrating the potential of the technique for high resolution studies of
ground state bulk antiferromagnetism, Recently the question of two length scales in
the critical scattering at the 100 K phase transition in SrTiO4 was studicd on tne same
sample on which most of the inclastic neutron scattering work was done at Brookha-
ven National Laboratory. The sharp component in the critical scattering from this sam-
ple is shown to be due to surface related eftects.

The TCD studies on oxygen induced defects in anncaled Czochralski grown Silicon
are discussed in detail. Shape and number densities of the 810, precipitates have been
determined by Small Angle Neutron Scattering at the 1LL, Grenoble, in samples con-
taining different amounts of oxygen, annealed at 750°C and 1050 or 1200°C, respec-
tively. The defect scattering due to stacking faults and dislocation loops has been iden-
titied in the diftuse scattering measured with the TCD and 100 keV synchrotron radia-
tion at the identical samples, their diameters could be determined using a theory due to
Larson & Schmatz (phys. stat. sol. (b) 99 (1980) 267). First in-situ measurements
show the potential of the technigue for studying the formation ot these oxygen in-
duced defects at annealing cycles relevant for industrial device fabrication.

At the PETRA storage ring, which serves as an accumulator for the HERA electron-
proton storage ring at DESY and which is operated at electron energies between 7 and
12 GeV, an undulator beamline is currently under construction and should be available
in summer 1995, Compared with the HASYLAB wiggler beamlines a gain in bright-
ness by 4 orders of magnitude is expected at 100 keV and exciting new research op-
portunities will open up.
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HIGH ENERGY X-RAY MICROSCOPY BASED ON BRAGG-FRESNEL
CRYSTAL OPTICS: PRINCIPLES AND APPLICATIONS AT ESRF.

A.Snigirev
ESRF B.P. 220. FF-38043 Grenoble Cedex, France

Bragg-Fresnel optics (BFO) based on a single crystals has been proposed as high
resolution and high cfficient optics for hard x-rays at E>6keV. The combination of
BFO with new gencration of storage rings like ESRF open up the real possibility to
develope microimaging and microdiftraction technique for hard x-rays

The performance and applications of the BFO was studied at the ESRE beamlines:

Optical propertics experimentally measured are the following:
- energy tunability
- sub-um resolution

- high thermal resistivity and stability
- well defined shape of the focused beam

‘The tollowing applications have been realised:
- sub-micrometer fluorescence microprobe:
- lincar and 2D microprobe for microdittraction;
- 2D beam emittance and beam position monitors on the base of circular BFL.:
- microfocus double crystal diffractometer:
- 10keV projection microscopy.

Test experiments on phase contrast imaging are very promissing for developing
phase contrast microscopy and holography. Crystal BFO is of particular interest tor
microtopograpny and microtomography technigue as well.
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X-RAY TOPOGRAPHIC INVESTIGATION OF QUASICRYSTALS
J. Gastaldi, K, Reinier, G. Grange and C. Jourdan

CRMC2 - CNRS, Campus de Luminy, Case 913, 13288 Marseille Cedex 9

The quasicrystalline qualities (microstructure - defeets) of both AlCui'e and
AlPdMn grains are compared by considering Synchrotron White Beam X-
Ray Topographs recorded at the LURE (Orsay - France).

Millemetric size grains of AlCul'e are prown in our laboratory by anncaling
quasicrystalline flakes in the icosahedral phase, at 860°C (just below the

peritectic point) following the growth process developped at the CKCM?* of

Vitry (France) while centimetric size grains of AlPdMn, grown by
solidification, are provided by the L'TPCM* of Grenoble (France).

All the investigated grains display a microstructure buill up with
subgrains, the misorientation of which can be less than one minute and
the size, bigger than one cubic millimeter.

In the topogruphs of these subgrains it is possible to see contrasts looking
like dislocations networks, dislocation loops and dislocation bands.
Dislocations loop like contrasts are scen in subgrains investigated in as-
grown crystals while dislocation band contrasts appear only after
mechanical polishing,

All these contrasts are presently under investigation by carriyng out

systematic x-ray topographic studies fincluding monochromatic studies).

*CECM Centre d'Etudes de Chimie Métallurgique
*LTPCM Laboratoire de Thermodynamique et de Physico-Cchimie
Metallurgiques
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OBSERVATION OF DEFECTS IN CRYSTAL SURFACE LAYERS BY
GID X-RAY TOPOGRAPHY

D.V.Novikov', M.Ohler?, F.N.Chukhovsky®, R.Koehler?, G.Materlik'

VHASYLAB at DESY, Postfach 22607 Hamburg
SMPG-AG "Roentgenheugung . Hausvogteilplatz 5.7, 10117 Berlin
Ynstitute of Crystallography, Lenimsky pr. 59, 117333 Moscow

The rising interest to grazing incidence variants of X-ray diffraction topography is
connected with the prospects of application of this traditional technique for investi-
gating the real structure of thin surface crystal layers |1 31

In this work the possibilities of observation of single defects in real materials by
plane wave grazing incidence diffraction (GID) topography were investigated both
experimentally and theoretically. The experiments were performed at the beam-
lines ROEMOT and CEMO of HASYLAB, using double-crystal Ge » asymmetric
Si monochromators. The tunability of svuchrotron radiation enabled to avoid usual
limitations on applicability of GID geometry and use simple coplanar diffraction

schemes.,

The contrast formation on in-surface serew dislocations in lithium niobate and
threading dislocations in bulk gallium arsenide and epitaxial layers on GaAs and
Si substrates is discussed. The influence of pure refraction effect is shown separately
on model silicon crystals with ctched trenches of the depth from 25 nm to 800 nu.
The resulis of computer simulation of dislocation images in surface layers of single
crystals are presented.

ft 15 shown, that a change of diffraction conditions from usual asymmetric to ex-
treme GID helow the eritical angle of total external reflection, achieved by a slight
wavelength variation, does not change qualitatively the images of near surface de-
feets, though the distortions, produced by the defects in the underlying layvers, be-
come invisible at grazing incidence, due to hoth depth resolution of the method and
ievitable loss of lattice parameter resolution. This allows, however, to use GID
topography for characterization of filins on substrates with a low perfection.

Thus. the GID topography proves 1o he a nseful tool for investigation of thin sub-
surface crystal layers at the depths from tens to hundreds of nanometers and can
provide information, not obtainable by usnal methods.

1, T.Kitano, T.Ishikawa, J.Matsui, K.Akimoto, J.Mizuki, Y.Kawase Japan. J.
Appl. Phys, 26 LIOR-LIT0 [TURT)

20RO M Imamov, AL Lomov, DV .Novikov, Phys.Status Solidi (a) 115 K133-K 131,
(LORD)

3 S.Kimura, ). Harada, T.Ishikawa Acta Cryst. A50, 337-342 (1994)
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SIMULATION OF WHITE BEAM SYNCHROTRON TOPOGRAPHS

Y. Epelboin, Laboratoire de Mindralogice-Cristallographic, U.A. 009 CNRS, Université
PM. Curie. Case 115, 75232 Paris Cedex 05, France. e-mail:
epelboin@lmep jussicu fr

White beam topographs may be simulated using the principle of reciprocity and an
accurate numerical algorithm (Carvalho & Epelboin a, b 1993). We have applied these
principles to the simulation of stroboscopic images of quartz resonators. We present
here the result of the preliminary investigation where a new program has been written
suitable for parallel and array computers. One of the main advantages of this new
generation of program is that the data describing the strain in the ¢rystal are computed
separately then used in the simulation program. Thus it is very easy to change the strain
model without having to change the simulation program. The disadvantage of such a
technique is the need of large disc space: the derivatives of the strain must be sampled
in each incidence plane using a step small enough to correctly describe the deformation.
The program needs a large memory, together to store the strain and data and to be
efficient in using the vector or parallel computers. It may be as large as 300 Mbytes!

Preliminary calculations on a simple strain model, already used in the simulation of
section topographs (Zheng 1989) have allowed to establish the parameters for the
calculation. The convergence of the numerical algorithi requires small steps in the
integration of the Takagi-Taupin cquations, as low as 0.01 micron along the edges of
the Borrmann fan to correctly follow the phase shift of the w avefields inside the
Borrman fan. The derivatives of the strain must be sampled according o the model of
deformation. For the models describing the deformation of piezoelectric devices a mesh
of 2x5 microns seem dense cnough.

Profiles in one incidence plane have been computed and are in agreement with the
experiment. First tests have been made on scalar machines, array computers (Cray) and
parallel machines (TMC CMS$). Other parallel machines must be investigated since the
speed-up has been very unsatisfactory on this fast machine. In any case the simulation
of white beam topographs is a long calculation. For an image of 512x512 pixels it
requires 300 hours on an IBM RS6000/560 and is estimated to 1)} hours on a Cray
C90.

More sophisticated models for the detormation (Yong Kong 1992) will now be studied.
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Twinning, Phase Transitions and Crystal Growth
Studies from 100 to 800 K

Robert R, Reeber
Department of Geology University of North Carolina
Chapet Hill, NC 27599-3315, USA

Morphological measurements have been precisely determined as a function of temperature
for different inorganic crystals with a computer-controlled traveling Laue x-ray camera.
The in—-situ measurements, available over a temperature range from 100 to 800 K, provide
unique insights into the kinetics of phase transitions as well as the influence of crystal
surface to volume ratio on these phenomena, Premonitc:y phase transition behavior and the
effect of temperature on existant twins are illustrated. It is hoped that such information will
be of significance for understanding phase transitioin behavior of materials and petrological

genesis of minerals.
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STUDY OF PIEZOELECTRIC MATERIALS AND PIEZOELECTRIC
DEVICES BY X-RAY TOPOGRAPHY

B.Capelle, A.Zarka, J.Detaint*, J.Schwartzel®, E.Philippot®*,
J.P.Denis***

LM.C.P. 4 Place Jussieu, 75252 Paris Cedex France

*C.N.E.T. 92225 Bagneux France
**L.P.C.M.S Université du Languedoc 34095 Montpellier France
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The piczoclectric materials arc obtained by two main growth methods. The first
onc is the hydrothermal growth method used for quartz, berlinite and phosphate gallium
and the sccond one is a pulling method, the Czochralsky growth method, which is
uscd, for instance, for lithium tantalate, lithium niobate and langasite. The main devices
wlhich we have study, are resonators with different cuts (AT, ST, Y for instance) and
filters.

The assessment of these materials perfection by X-ray topography will be
presented as some results concerning the acoustic modes and the interactions between
the defects and the acoustic vibrations in the cases of bulk acoustic waves (B.A.W) and
surface acoustic waves (S.A.W). The different materials have been studied by refleciion
or transmission topography conventionnal or stroboscopic using the white radiation
delivered by the DCI synchrotron at LURE in France and a Laue setting,

To use the stroboscopic experimental set-up the resonator must be designed to
have a vibration resonant at a frequency cqual to n times that of the X ray synchrotron
radiation which is 3.169280 MHz at DCI.

The white beam of the synchrotron radiation and the use of a Laue setting permit
to record simultancously different topographs (cach spot of Laue is a topograph) with
different diffraction vectors. With this technic the spatial structure of the vibration
modes can be analysed and, in particular, the different stationary components of the
modes can be seen separately. The stroboscopic topogra; iy, as for it, is the only
technic which permits to evidence the progressive components of the acoustic modes
when they exist.

Different results concerning the interactions of the acoustic waves with
dislocations, in particular in a ST quartz slice (SAW) working at Y 9MHz, will he
reported.




INVESTIGATION OF STRUCTURAL PROPERTIES OF
InAs/AISb SUPERLATTICES BY X-RAY METHODS

B. Jenichen!, H. Neuroth!, B. Brar?, H. Kroemer-
LPawd-Drude-Institut, Hausvogteiplarz 5, D-10117 Berlin, Germany
University of California, Santa Barbara, California 93106, USA

The combination of InAs and AlISb in heterostructures offers interesting physical
properties such as a large conduction band offset between InAs and AlSb, high
electron sheet concentrations and  high electron mobilities in InAs [1]. In the presemt
work  short-period  (InAs)/(AlISb), superlattices  with  AlAs-like, InSb-like, or
alternating interfuces are studied hy X-ray diffractometry, -reflectivity and grazing
incidence diffraction. The superlattices are grown on GaAs substrates with a | um
AISh butfer layer. Triple crystal measurements reveal that the inhomogencous
detormation of the relaxed buffer layer leads to a peak broadening corresponding to
coherent scattering domains with a size of 150 nm. Double crystal rocking curves
show an additional broadening and shift of the superlattice peaks, when the AlAs-like
interface is grown on top of the AISb layer. The average relaxation of the superlattices
is measured using asymmetric reflections. Linear dislocation densities up to 10% cm-!
between the butter layer and the superlattice are determined from these measurements,
Rocking curve simulations show that the asymmetric peak broadening may be
attributed to a further relaxation of the supertattice, which s inhomogeneous with
depth. The ditfusion of As into the AlSb layers leads (o an additional peak shift. For
the simulations we assume that every interface consists of four atomic layers of a
mixed crystal InSh/AIAs with a composition of 0.5, i.c. the bond lengths show some
relaxation over this distance.
Reflectivity measurements reveal quite large values tor the interface roughness up to
Inm. These roughness values are probably a measure for the widths ot the interface
layers, since the method can only measure the differences in chemical composition.
Measurements ol the ditfuse scattering show that this roughness is highly correlated.
The best structural quality of the superlattice is achieved when InSb-like interfaces are
grown on top of the AISb layers. Then the additional reluxation is low and almost no
As is present in the AISh layers. The reported results are in agreement with  optical
measurements (photoluminescence, Raman scattering) and TEM investigations {2].
[11G. Tuule, H. Kroemer, J.H. English, J. Appl. Phys. 67(1990)3032
[2] J. Spitzer, A. Hopner, M. Kuball, M. Cardona, B. Jenichen, H. Neuroth,

B. Brar, and H. Kroemer, submitted to J.Appl.Phys., May 1994
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VERTICAL STRESS IN LPE-Si-LAYERS ON Si0/Si EVALUATED BY X-RAY
DOUBLE CRYSTAL TOPOGRAPHY
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Silicon on insulator has been an aim of crystal growth for a long time. The silicon layer
should be perfect as well in regard of its structural as of its electronical properties.
Silicon layers grown by liquid phase epitaxy (LPE) on silicon oxide have been shown
[1.2] te tulfill these requirements. These layers were produced by lateral overgrowth
starting from seeding windows etched into a silicon oxide layer on a silicon wafer. These
layers are about triangular lamellae extending up to 480 pm [3] on both long sides from
the seeding window. Their base length at the seeding window is then up to | mm. The
lamellae ure predominantly dislocation free and atomically smooth but curved with a
radius of 10...15 mm.

We will present topographs of these lamellae. It is shown that a direct reflection of a
sificon lamella is observed under certain diftraction conditions only. However contrast of
the lamellae is observed quite generally. This contrast is due 1o stress exerted by the
lameilae onto the substrate, At distances up to about 50...150 pm from the seeding
window the contrasts indicate a relative lattice parameter increase of the substrate
perpendicular to the surtace of Ad/d=10". This corresponds 10 a vertical tensile stress of
about | N/em®. By taking topographs in several reflections a considerable shear stress
could be excluded.

The curvature s obviously utributed 1o g tensile stress. That could be proven by
underetching the lamellae, te. removing the oxide layer hetween layer and substrate.
After underetching the famellae are nearly plane and the contrast of the lamellae in the
substrate reflection vanishes beside some residual contrast due to refraction at the lamella
cdoes.

We attribute the tensile stress and the corresponding curvature to an adhesive foree
acting onto the growing laver. This effect may be of general importance to the growth of
crystalline fayers on amorphous substrates. may be as well on effectively incommensurate
substrates.

[1] R. Bergmann, E. Czech, 1. Silier. N. Nagel, E. Bauser, HJ. Queisser, R.P. Zingg,
and B. Hoftlinger: Appl. Phys. AS4 (1992) 103

[2] R. Kéhler, B. Jenichen, E. Bauscer, and R. Bergmann: J. Appl. Phys. 72 (1992) 405

{31 N.Nagel, Thesis, Univ. Stuttgart 1993
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PRESENT STATUS 7 THE ESRF TOPOGRAPHY BEAMLINE
- NEW EXPERIMENTAL RESULTS -

R. Barrevt, J. Baruchel, J. Hirtwig, ¥. Zontone
Luropean Synchrotron Radiation Facility, BP 220, 1-38043 Grenoble

The advantages of synchrotron radiation for X-ray topography and diffractometry are
well known: high intensity, continuous spectrum, tunability, polarisability and time
structure. However, the present setups are still limited by their flux, the non availability
of high energy photons, the obtainable resolution and the small size of the admissible
sample environment devices. The characteristics of the third generation synchrotron
radiation source ESRF are such that the above mentioned limitations can be overcome.
This opens new possibilitics for these techniques. Experiments can be carried out:
1. in real time (exposure times down to about 10-2s, or using stroboscopy to 10-%),
2. using short wavelengths to investigate thick and heavy crystals, 3. with heavy and
large sample environment, and 4. with high sensitivity and high angular and spatial
resolution.

These new possibilities are illustrated by experiments performed on the ID11 ‘Materials
Science’ and the D5 ‘Optical Open Bending Magnet' beamlines. They show that
a) typical exposure times for white beam topography (down to about 10-2s) are about
102 1o 103 times shorter than at other synchrotron synchrotron radiation topographic
setups, b) the diffracted beam divergence (about 2.5 10-5 rad) is small enough to retain
a good spatial resolution when setting the film far (1 meter) from the sample, ¢) with
short wavelengths (in the order of 0.0lnm and less) is possible to carry out
topographical investigations of bulky or heavy samples or to detect weak long-range
deformation fields of defects. d) monochromatic beam topographs, performed on a
simple setup in a "low divergent wave" or "weak beam" mode, give clues about the
actual deformations around defects

Special attention 1s to be paid to the heat load in white beam topography even when not
working with highly absorbing and thermally insulating materials. Some cnteria to
estimate and minimize the effect were tested.

Finally we report the present state of the 1D19 ‘Topography and High Resolution
Diffraction’ insertion device beamline, and the instrumentation designed to optimize the
experimental conditions. It is expected to be fully operational in Autumn 1995,
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HIGH RESOLUTION X-RAY OPTICS FOR THE 3RD GENERATION
SYNCHROTRON RADIATION

Tetsuya Ishikawa

Engineering Research Instinue, Faculty of Engineering, The University of Tokyo
2-11-6, Yayoi, Bunkyo-ku, Tokyo 113, Japan

and

SPring-8

2-1, Hirosawa, Wako-shi, Saiotama 351-01, Japan

Novel high-resolution x-ray optics are being developed for the use of the extremely high
brilliance of the undulator x-ray beam from the third-generation synchrotron light
sources. In addition to the usual monochromatization and collimation, tailoring of
coherence and polarization are important.

Plane wave x-ray optics using successive asymmetric reflections will gain new
roles because they can manipulate coherency of the x-ray beam, as preliminary shown by
using usual bending radiation [1]. Highly collimated and spatially condensed undulator x-
rays will make the asymmetric reflection much more effective, although the spatial density
of x-ray photons are diluted.

Grazing incidence diffraction, which includes the extremely asymmetric diffraction
as 4 special case, are now being widely used for surface and interface diffraction. This
geometry was applied to the depth selective diffraction topography [2], which images
strain field localized to surface or interface.

High collimation of undulator x-ray beam has also opened up a new possibility of
energy-tunable, mili-eV resolution monochromator by a combination of flat crystals. We
proposed a nested channel-cut (+n.+m.-m,-n) monochromator [ 3] for this purpose, and
are now working for the realization of a separated four-crystal monochromator.

Polarization manipulation, especially conversion of linearly polarized x-rays to
circularly polarized ones, is another subject of x-ray optics which will find wider
applications in undulator x-rays. We have developed transmission Bragg and Laue type x-
ray phase retarders [4]. Helicity switching up 1o 100 Hz was realized |5].

1] T.Ishikawa: Acta Crystallogr., A44 (1988) 496.

{2} S.Kimura et al.: Appl. Phys. Lett., 60 (1992) 2604.

13] T.Ishikawa et al.: Rev. Sci. Instrum., 63 (1992) 1015.

(4] K.Hirano, T.Ishikawa and S.Kikuta: Nucl. Instrum. Meth., A336 (1993) 343.
(5] K. Hirano et al.: Jpn. J. Appl. Phys., 31 (1992) L1209.
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X-RAY PHASE PLATES FOR SYNCHROTRON RADIATION

C.Giles!\2, C.Mulgrange?, J.Goulon!, F.de Bergevin!:3, C.Vettier!, A.Freund’
E.Dartyge?, A.Fontaine?, F.Baudeler?, S.Pizzini?

1.European Synchrotron Radiation Facility, BP 220, 38043 Grenoble Cedex, France.
2 Laboratoire de Minéralogic et Cristallographie, Universités Paris 6 ¢t 7, case 1185,

4 place Jussicu, 75252 Paris Cedex 05, France.
3.Laboratoire de Cristallographie, CNRS, BP 166 X, 38042 Grenoble Cedex, France.
4 LURE, Université Paris-Sud, Bit 209, 91405 Qrsay Cedex, France.

Circular polanzation is an essential tool for circular magnetic x-ray dichroism (CMXD)
experiments, and Compton and Bragg magnetic scattering, Circularly polarized x-rays are
available from synchrotron sources below or above the orbit plane from bending magnets
or asymmetric wigglers sources or from the on-axis beam of helical undulators. We
present here experimental results demonstrating that the transformation of the linear
horizontal polarization into circular polarization using the transmitted beam through a
quarter wave plate (QWP) in Bragg or Laue geometry is an alternate and attractive
technique.

X-ray phase plates use the ditference between refraction indices for 6 and n polarizations
(perpendicular and parallel to the ditfraction plane respectively) at or near a Bragg
diffraction as predicted by x-ray dynamical theory. This difference depends on the offset
of the incident wave A® (difference between the angle of incidence and the center of the
diffraction profile) and decreases rather slowly outside the diffraction profile. The use of
the transmitted beam in Laue or Bragg geometry for rather large offsets (order of several
tens arcsec.) can take benfit of this property. The sensitivity of the phase plate
performance to the divergene of the incident beam (order of 80 arcsee.) is considerably
reduced. In such conditions, good diamond crystals, with a thickness of about 1 mm and
then a reasonable transmission factor have been successtully used to record CMXD
spectra at different rare-carths absorption edges from Pr Lyj (6440 ¢V) to Tm Ly (8648
ev).

The efficiency of the phase plate has been measured by comparing such CMXD spectra
with those obtained with the standard technique which uses the elliptically polarized beam
below the orbit plane. The experiments have been performed on the dispersive absorption
spectrometer (station D1L) of DCIing (LURE, Orsay, France). The polarization rate and
the intensity on the sample were higher with the QWP technigue.

Finally, good results have also been obtained using beryllium plawe with a mosacity of the
order of 80 arcsee, It will be shown that the circular polarization rate thus obtained is only
slighdy lower than with the diamond phase plate. The good efficiency of mosaic crystals
as phase plate far from the Bragg peak can be interpreted.
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Optimised Reflectivities for Diamond Single
Crystals

By J.D.Stephenson

Div. 6.22 Federal Institute for Materials Research and Testing,
Unter den Eichien 87, 12205 Berlin, FRG.

Abstract

Theoretical optimised rellectivities {or diamond petfect single erystals are
determined for use in high intensity, low cmittance synchroiron radiation
rings such as the ESRE (Grenoble).

Bragg (normal incidence) and b) Laue (symmetric/asymmetric) cases will
be discussed and the effects of changes in effective structure factor,due to
polarisation/radiation damage will be considered,

The results for a) have heen published in phys.stat.sol.(a) 138, 89 (1993)
and 141, K83 (1991) and show that diamond not vnly offers the highest Bragg
reflectivity relative to Si or Ge but also possesses many additional advanta-
ges (e.g. sharper FWHM, higher thermal conductivity and Debye-Waller
factor) which are ideal for the new generation of high flux, low emittance
SR- facilitios such as the ERSF. The application of ‘normal incidence’ Bragg
reflectivities and transmittivities for diamond outline this crystal's eventual
use for the construction of a hard X-ray free electron laser (XFELY in a fourth
generation SR-lacility,

The results for b) will be published later and mainly deal with the opti
misation of Lane-diffracted beam intensities through thin diamond erystals
now currently in operation at the “Troika” beamline, ESREF(Grenoble). The
use of diamond single crystals in this field have the very great advantage
of high thermal conductivity /low thermal bumyp first SR/monochromators
with consequent minimm/zero deviation and intensity loss in the diffracted
beam direction.
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X-RAY CRYSTAL OPTICS FOR DIAGNOSTICS AND APPLICATIONS OF LASER-
PRODUCED PILASMAS
E.Forster

Max-Planck-Arbeitsgruppe "Rintgenoptik " an der Friedrich-Schiller-Universitiit Jena,
Max-Wien-Platz 1, 07743 Jena, Germany

Lascr produced plasmas have temperatures of 100 - 107 K and so enit X-ray pulses in the spectral
region 0.1 to 10 nm with pulse lengths Ips - 10ns.  The emitted X-ray spectrum depends on space,
time and direction. It contains important information about plsma temperature and density, and the

distribution of highly ionized ions,

Schemes with crystals bentin one or two dimensions are particularly suited to obtain high resolution
spectra and quasi-monochromatic images of high temperature plasmas in the spectral region up to
2.6nmf 1], The sources being investigated at present are imploding Luser fusion targets(2], counter-
streaming plasmas[ 3], Xeray laser plasmas and laser-target interactions with sub-picosccond laser
pulses. When the generation of X-rays is optimized, sources of incoherent or coherent X-ray pulses
will become available for real time experiments and will equal or surpass current undulator or

wiggler sources in brilliance.

1. E.Forster, K.Giibel and 1L .Uschmann, Rev. SciInstrum. 03, 5012-5010 (1992)

2. LUschmann, E Forster, H.Nishimura, K.Fujita, Y.Kato and S Nakai
Rev. SciInstrum. in press.

3. E.Forster, 1.Uschmann, M.Dirksmoller, C.Chenais-Popovics, P.Renaudin, O.Rancu and
J.C.Gauthier , Proc. SPIE, 2013, 78-85 (1994)
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SYNCHROTRON X-RAY OPTICS EXPERIENCE AT THE ESRF

Andreas K. Freund

European Synchrotron Radiation Facility,
B.P. 220, F-38043 Grenoble, France

A short overview of the research and development that has been carried out at the
ESRF in the field of hard x-ray optics for synchrotron radiation in the past few years
is presented. This includes four topics: mirrors, single crystals, multilayers and the
particular question of how to solve the high heat load problem. Also focusing issues
will be addressed like sagittally curved crystals, meridional focusing by multilayers and

two-dimensional focusing by toroidal mirrors.

Although time constraints restrict this presentation to a more general level several
highlights are mentioned like the performance of diamond at very high heat loads, the
etficiency of phase plates based on Si, diamond and Be single crystals, the development
of supermirror-multilayer structures and bimorph benders made of  piezoelectric

ceramics.
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DEPTH RESOLVED ANALYSIS OF THE STRAIN PROFILE IN
SEMICONDUCTOR SUPERLATTICES USING X-RAY GRAZING
INCIDENCE DIFFRACTION

U.Pictsch
Tnstitute of Solid State Physics, University Poisdam, D 14415 Potsdam, Germany

During epitaxial growth of semiconductor superlattices (S1.) u considerable lattice
parameter mismatch must be accomodated. As long as the lateral lattice parameter
difference between the luyers is small (coherent growth) the total energy of distortion is
taken up by the layers. In case of a larger dilference partial lattice relaxation appears
which depends on the total thickness of SI. t.. and the thickness ratio between the
sublayers. A closer investigation of the real structure of multilayers requires methods
which are able to evaluate these structure parameters with respect to the depth of SI.. In
the direction of growth the lattice mismatch is typically measured by conventional high
resolution diffractiometry. Because the penetration depth of the probing X-ray beam is
much larger than t.. only averaged parameters can be obtained. The lateral lattice
mismatch can only be given indirectly and therefare mther inaccurate,

Depth resolution is obtained by the technique of grazing incidence ditfraction (GID)'. In
this case the "information depth” t,, is controlled by the angle of incidence o, and exit
a, of the X-ray beam with respect to the satple surface. The lateral lattice parameter
can be obtained in ditferent depths below the surface. Additionally, the vertical density
profile is probed measuring the intensity distribution along w (“rod scan”) for different
o, For a.< o, ( a, - critical angle of total external retlection) t.; is reduced to the top
layer und/or the upper SL-period. With increasing «, futther layers contribute to the
scattering signal. In addition to the “surface peak” which is visible at o= o, “SL.-
peaks” appear for special @ = a.. The angular separation between the o is a measure
for the SL.-periad.

This technique has been successtully applied at the example of o lattice matehed 8L of
Gay«Iny o As/InP[001] grown by a MOCVD * containing an enlarged quantum well
(EQW), Measuring the rod scans at the anglular position of the (220) in- plane Bragg
peak we found a double peak behaviour of the recorded S1. peak. The intensity ratio
between both subpeaks varies changing o, . This allows an accurate determination of
the depth of the EQW below the surface and its thickpness in an accuracy better than 5%,
A turther example demonstrates that the GID technique is able to idemity buried single
monolayers within perfect semiconduciors.

A variation of structure parameters with depth is obtained for various strained layer
GawIne:AsfGaAs SL's grown on GaAs{001] by MBE ‘. The thickness of the individual
active layers t, is chosen smaller thun the critical thickness for building of misfit
distocations. Keeping t. fixed the degree of relixation increases for decreasing
thickness of GaAs barriers .. Depth resolution demonstrates that the majority of misfit
dislocations is localized close to substrate interface. Within the SL microdomains
appear with a lattice parameter mismateh to the surrounding lattice. They are inclined
up to some 1/10 deg. with respect to the surface normal. The averaged relaxation degree
is nearly constant over the whole SL exept it the SL is covered by a thick top layer.
Then we find in fact a variation of the in-plane lattice parameter with depth. This may
be understood by a stepwise lattice deformation of the GaAs top layer neur the interface
to the SI..

" U.Pietsch in "Surtace X-Ray and Neutron Scattering”, ed.by
H.Zabel andl.K.Robinson, Springer Verlag 1992
* U.Pietsch,W.Scifert, H.Mctzger, S.Rugel, and J.Peisl, Appl.Phys.Lett. 1994 submitted
' U.Pietsch, H.Metzger, S.Rugel, B.Jenichen and LK.Robinson, J.Appl.Phys.74, 2381
(1993), D.Rose, U.Pietsch, A.Fdrster, H.Metzger Physica B 1994 in press
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X-Ray triple crystal diffractrometry characterisation of defects in
lattice mismatched epitaxial structures

R.N.Kyutt, S.S. Ruimoy, T.S.Argunova, N.N.Faleev

loffe Physical-Technical Institute of the Russtan Academy of Sciences. Politekhnicheskava
26, St.—Petersbure 194021, Russia

Overthe ast few years X—-Ray triple erystal diffractometry has proved to he a powerful tool
o analyze a diffracted intensity in two directions in the scattering plane. We report here a
comprehensive X-ray diffraction study examining heterostructures (HS) with a misfit of
lattice parameters in the intertaces. The objects under study were the following,

51y GeSi NS, GaSh layers strongly nismatched to GaAs substrates, YBaCuQ fitms
grown on various substrates ete, Symmetric and asymmetric Bragg. Laue and grazing inci-
dunce settings were used,

Itwas shown that the shape of the diffraction curves indicated the type of the defect arran-
gement, namely the Coloumb type or dislocations. Sinee the Latter are known either to form
regular networks or to propagate thrugh the layers, we have studied the patierns due to the
both cases and the basic points of the identification cach of them has been established,
Triple axis setting permits an assessment of the structural quality across the Tayer depth.
Withananalyzer remaining tixed, we made a series of theta - scans and evaluated the depth
of dislocation networks as well as the location of the Coulomb type defects from the shape
and the position of the peaks.

Dealing with strongly mismatched HS, we considered the peak broadenings as being due to
the contributions coming from three sources. One was a delation provided by randomly dis-
tributed dislocations inside the layers, Second, there was atilt associated with grain boun-
daries or the dislocation arrays. Third was the finite size of coherent scattering regions.,
When we plotthe dependence of the broadenings in two directions on the Bragg angle, we
extracted and analyzed the contributions, Two of them, the strain and the tlt, were used for
the identification afthe dislocation types in the following way: sinee the dislocations Bur-
gers veetors derive from the asymmetrical tensor of erystal lattice distorsions, they can be
found from the extracted components by using various diffraction geometrices.

The X-ray study of nunostructures with amisfit accomodited by dislocations was discus-
sed.

We considered the problems associated with a simulation of diftraction curves from HS
containing defects inside the layers, The wiys of obtining interplanar spacing depth profi-
les were shown.

The structural parameters determined from the X-ray data were in a good agreciment with
TEM results,
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High Resolution X-Ray Diffraction from Epitaxial
Multilaver rf ratin

the influence of the fine structure near the
000-reciprocal lattice point

G.T. Baumbach, M. Gailhanou, P. Mikulik, M. Bessiere

X-ray diffraction from epitaxial multilayered surface gratings has
been studied experimentally by a high resolution triple crystal
diffractometer and theoretically in terms of a semi-dynamical
diffraction theory based on a second order distorted wave Born
approximation.

Laterally periodic super-siructured crystals show a two dimensional
fine structure in the vicinity of their reciprocal lattice points formed
by equispaced truncation rods perpendicular to the crystal surface.
The diffraction pattern along a truncation rod depends on the grating
shape function and the intrinsic setup of the grating period. In our
case the surface gratings are formed by epitaxial and partially etched
superlattices giving rise to superlattice diffraction peaks in the
grating truncation rods.

Additionally the fine structure near the 000 reciprocal lattice point
causes multiple beam diffraction also in the planar part of the
sample below the grating. As a result the planar multilayer
influences the grating truncation rods of non-zero order and
dominates partially its diffraction pattern.
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EXPLOITATION OF N-BEAM DYNAMICAL EFFECTS IN PSEUDO-
KOSSEL DIFFRACTION PATTERNS OF NEARLY PERFECT CRYSTALS

A.R. Lang

H.H. Wills Physics Laboratory, University of Bristol, Tyndall Avenue,
Bristol BS8 ITL, England.

Divergent-beam X-ray diffraction patterns that subtend a substantial solid angle at the
specimen exhibit an abundance of intersections of Kossel cones. This applies equally
whichever of the three well-known methods of pattern excitation is employed; the
three methods being, respectively, the original Kossel & Voges (1935) arrangement in
which the specimen crystal was itself the anticathode of the X-ray tube, the method of
Seemann (1930) using an X-ray tube providing a wide cone of X-rays to fall on the
specimen crystal, and the present-day popular method utilising a SEM electron beam
to produce a small source of characteristic X-rays within a thin film of the appropriate
element in contact with the specimen. In the last method X-rays are emitted into
essentially a 2x solid angle within the crystal; it is referred to as the pseudo-Kossel
method.

Kossel cone intersections can be classified into A-points, accidental, that
involve any two cones corresponding to diffraction vectors g, and g, with Bragg
angles 0; and 07, when the angle a between g) and gais such thata <t - 0 -9,
These intersections give 3-beam diffraction conditions: 0, g1, g2. More complicated
are points on the Kossel pattern where three or more lines (i.e. loci of intersection of
Kossel cones by the X-ray film) have a common crossing point resulting from crystal
symmetry. ‘These points of systematic simultaneous reflection, S-points, are
produced by Bragg planes that are tautozonal, provided that the common line of
intersection of their corresponding reciprocal lattice planes has a segment lying within
the sphere of reflection. At S-points n-beam (n 2 4) simultancous diffraction occurs.
In the transmitted divergent beam patterns given by highly absorbing but perfect
crystals, strongly increased anomalous transmission is observed at A-points and S-
points (Borrmann 1959, Borrmann & Hartwig 1968, Hildebrandt 1966, Post, Chang &
Huang 1977.) The present work describes new observations of fine-structure, on the
scale of a few arc seconds, that can be detected within the relatively large overlap area
of wavelength-dispersion-broadened intersections of Kossel lines. Besides their
theoretical interest, these fine-structures superimpose 'markers’ on an otherwise
relatively diffuse diffraction pattern, and should be exploitable in lattice-parameter
measurements.
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THE STUDY OF TRANSMISSION PHASE CONTRAST OF NON-
CRYSTALLINE OBJECTS WITH A HIGH-RESOLUTION X-RAY
DIFFRACTOMETRY

E.A.Belinevskaya,1) V.N.Ingal,1) P.V.Petrashen2)
1) X—ray Laboratory, 2) Rudicon Ltd. Malookhtinskii pr. 68, 195272, 8. Petersburg, Russia

In recent years a new imaging technique appeared, using the double—crystal
arrangement to study low-absorbing non—crystalline objects [1-4].The object is
illuminated with a beam produced by a perfect crystal monochromator. The object itself
may have negligible absorption, but it introduces the phase modulation into the transmitted
beam, which is visualized with help of the pertect—crystal analyzer. The wide variety of
experimental applications is accumulated now (see [4]). But the image formation in this
technigue was not studied thoroughly yet.

Two main versions of the technigue are known: the first one, [ [-2], uses the analyzer
crystal in Bragg (reflection) geometry, the second one, [3-4], ~ in Laue (transmission)
ceometry. Despite their apparent similarity, these two versions are rather ditferent
regarding the image formation and the contrast sensitivity, Here we danalyze the image
formation with Laue-type unalyzer. The object of study is a polyethylene tube filied with
water, containing wlso the air bubbles. This objects contains two types of boundaries:
air-polyethylene and polyethylene -water, giving rather strong and very weak phase
changes correspondingly, allowing to estimate the sensitivity of the method. In order o
trace out the influence of the analyzer thickness, the wedge--shaped analyzer was used.
Both transmitted and diffracted beams were registered after the analyzer, ‘The images were
taken at different deflections [rom exact Bragg analyzer position.

In Bragg position the object boundaries are seen black (decreased intensity) in diffracted
beam and black or black--and-white in transmitted one. Moreover, the white image, il seen,
is located always on the same side from the black one, corresponding to the direction of the
icident beam and not depending on the sign of the phase gradient. This can not be
explained on the assumption made in [ 2], that the contrast is dug to the deflection of
heams refracted in the object outside the Bragg reflection of the analyzer, The fmage in
transmitted beam would be only white in this case. The explanation is given on the base of
the dynamical diffraction theory - the known effect of the angular amplification of small
detlections from the Bragg position ereates shadow in the center of the Borrmann fan in the
arcas with strong phase gradient, and this effect holds for both transmitted and diflracted
beams, The white image in transmitted wave is produced by detlected rays, which have
essential intensity only along the incident wave direction, Depending on the sign of the
phase gradient these rays belong to different wave tields in the erystal, so the brightness of
the image varies also due to anomalous absorption. Other features are discussed also and
simple caleulations are presented.

I. N.Mitrotanov et al., USSR authors certificate SU 1402871 A1, priority 13.11.86.

2. VA Somenkov et al., J'Tech.Phys., 61, v. 11, pp.197-201, 1991.

3. V.NuIngal, E A Beliaevskayi. Patent applications SU 4934958 dated 14.05.91,
PCT/RUY2/00108, dated 14.05.92,

. V.NUngal, E.A.Belinevskaya. Posters at this Symposium.
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STRUCTURAL CHARACTERIZATION OF GaAs GROWN AT LOW
TEMPERATURES (LT-GaAs) BY MOLECULAR BEAM EPITAXY

R.J. Matyi
Dept. of Materials Science and Engineering
University of Wisconsin, Madison, WI 53706 USA

The growth of GaAs at low substrate temperatures (LT-GaAs) results in two major
modifications to the otherwise "normal” crystallographic structure of GaAs: (1) the
incorporation of extremely high levels of excess arsenic in the as-grown LT-GaAs
layer; and (2) the nucleation and growth of As-precipitates when LT-GaAs is annealed
at elevated temperatures following epitaxial growth, X-ray diffraction is idealiy suited
for the analysis of as-grown and annealed LT-GaAs and can yield information
concerning either the "average” structure of the epitaxial layer (such as the average
lattice parameter or the degree of strain accommodation with the substrate) or
statistically distributed distortions in the LT-GaAs lattice. We have used high
resolution x-ray diffraction methods to determine that despite the incorporation of more
than 1% excess arsenic, iayers of as-grown LT-GaAs can exhibit crystallographic
perfection superior to that of the substrates on which they are deposited. The structural
quality of the LT-GaAs was found to depend strongly on the ratio of the As, and
gallium fluxes used in the MBE growth. High resolution triple crystal x-ray diffraction
scans (shown below) demonstrate that at low flux ratios, the LT-GaAs was virtually
indistinguishable from the substrate. At higher flux ratios, we observe (1) an increase
in the magnitude of diffuse scattering as well as an anisotropy in the scattering, and (2)
a degredation in the crystal truncation rod. Further increases in the As,/Ga ratio
resulted in copious diffuse scattering. We have developed a model of point defect
aggregates that at least partiallyl accounts for the observed diffuse scattering.
Differences have also been observed in the diffuse scattering from n- and p-doped LT-
GaAs. Analysis of annealed LT-GaAs layers using high resolution diffraction methods
has shown the development or long-range strain fields within the epitaxial layer that
arise from distortions of the GaAs lattice due to the growth of the arsenic precipitates.
We have used the excess diffuse scattering that surrounds the Bragg reflection to
quantitatively determir.e the sizes and concentrations of arsenic precipitates in annealed
LT-GaAs. The average size of the arsenic precipitates determined from these diffuse
scattering analyses are in resonable agreement with precipitate size measurements made
with electron microscopy. Using these methods of x-ray analysis, the formation of
arsenic precipitates in LT-GaAs
can be understood as a process
that is similar to the much-
studied oxygen precipitation in
Czochralski silicon.
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CHARACTERIZATION OF III/V-HETEROSTRUCTURLS GROWN BY
SELECTIVE AREA EPITAXY USING
DOUBLE-CRYSTAL X-RAY DIFFRACTOMETRY WITH HIGH LATERAL
RESOLUTION

A.Iberl, H.Gébel, H.Heinecke*
Siemens Corporate Research and Development, D-81730 Munich
* University of Ulm, Dept. Semiconductor Physics, 1)-89069 Ullm

There is a particular interest in characterizing 111/V-heterostructures grown on patterned
surfaces by laterally resolved X-ray diffraction. For this purpose, a new convergent-beam
double-crystal X-ray diffractometer has been developed. The X-ray beam is focused onto
the sample by means of a cylindrically curved mirror as a sharp line focus. A position
sensitive proportional counter is used for the parallel recording of rocking curves along
the line focus. The instrument allows the parallel recording of several hundred rocking
curves, each representing an area of 20 x 40 pm? of the sample.

Using selective area epitaxy (SAE) epitaxial growth occurs locally in unmasked arcas
defined by dielectric material deposited on a semiconductor substrate. We investigated
SAE-samples that were grown by two different techniques: metal-organic vapour phase
epitaxy (MOVPE) and metal-organic molecular beam epitaxy (MOMBE). The hetero-
structures consist of ternary and quaternary layers based on the Ga-In-As-P material
system deposited on InP-substrate. The aim of our experiments was to determine the
layer mismatch approaching the growth/non-growth boundary. Therefore rocking curves
were recorded across the mask edues The rocking curve measurements show variations
of the stochiometry at the diclectric/semiconductor boundary of MOVPE grown ternary
layers. These variations indicate an increasing In-content at the mask edge. This effect
does not depend on the crystallographic orientation of the mask edge. The stochiometric
inhomogenities are less pronounced if the growth rate of the layers has been reduced.
The position resolved rocking curve measurements describe the distorted regions of the
grown layers near the mask edge

Our results have been confirmed by position resolved photoluminescence measurements.
Investigations of different MOMBE grown samples did not show any variation of the
lattice mismatch close to the growtlVnon-growth interface. From this it may be con-
cluded that the MOMBE SAE enables undisturbed growth up to the mask edge.
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DETERMINATION OF THREADING DISLOCATION DENSITY IN
HETERQ-EPITAXIAL LAYERS RY DIFFUSE X-RAY SCATTERING

E.Koppensteiner,2 A.Schuh,2 G.Bauer,2 G.P.Watson,? and E.A.Fitzgeraldb
nstitut fiir Halbleiterphysik, Johannes Kepler University, A-4040 Linz, Austria
bAT&T Bell Laboraties, Murray Hill, NJ 07974, USA

We report on a novel approach for the determination of dislocation densities based on
the analysis of the two dimensional (2D) intensity distribution of diffuse x-ray
scattering measured in the diffraction plane by triple axis x-ray reciprocal space
mapping. 1t is based on Holy’s formahsm for the simulation of experimental
isointensity contours using either the mosaic block model (MBS piled-up distocations)
or the mode! based on random elastic strain tields (RED: randomly oriented
dislocations).! The corresponding two sets of parameters which quantitatively describe
the defect structure in the epitaxial layers are used for calculating the threading
dislocation density. For the MBS model, the mosaicity parameters (mean block size and
misoricntation) were used according to Gay et al. However, for the RED model the
new ansalz is a caculation based on an energy balance. The simulation of the 2D
intensity contours yields the random strain field from which the energy density stored
in the epilayer due to the presence of defects was caleulated. On the other hand the selt
energy of ihreading dislocations is caleulated assuning 607 or screw type dislocations
and taking the crystal ansiotropy into aecount. The threading dislocation density is
obtained by dividing the energy density by this self eoergy. The procedure is iterative,
the calculution of the dislocation self energy requires an initial value of the outer cut off
radius, ce.of the spacing of the threading dislocations,

This method was applied tor the analysis of tive SiGe lavers (B2) grown on
compositionally graded SiGe alloy buffer layers «(B1) deposited on (001) Si substrates.
The bulters BI are graded up to nominally 30% Ge in steps with different grading rates
(19, 20 and 40%Ge/pum) vielding threading dislocation densities in the butfer layers B2
(XGe=30%, 1um thick ) from 5x105¢m=2 to 1x107¢m-2 as deteimined from EBIC
data.d (004) and (224) reciprocal space maps of the substrate and the butfers were
analyzed. Our analysis of the diffuse x-ray scattering reproduces the increase of the
dislocation densities in B2 with higher Ge grading rates quite well, and morcover yields
upper limits for the threading dislocation densities which are about a factor of 10 higher
than those deduced from the EBIC data. However, if dislocation interaction is taken into
account in the analysis, this factor reduces to about three.

'V Holy et al., J. Phys. D: Appl. Phys. 26, A146 (1993).
2p Gay et al., Acta Metall. 1, 315 (1953).

3G.p.Watson et al., J. App!. Phys. 75, 263 (1993).
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X-RAY DIFFRACTION FROM MESOSCOPIC SYSTEMS:
THIN FILMS ON "ROUGH" SURFACES

M. Tolan

Institut fir Experimentalphysik der Universitit Kiel

G. Vacca, S.K. Sinha

Exxon Research and Engineering Company, Annandale, NJ 08801

Z. Li, M. Rafailovich, J. Sokolov

Department of Materials Science, SUNY at Stony Brook, NY 11794-2275
H. Lorentz, J.P. Kotthaus

Sektion Physik, Ludwig-Maximilians-Universitdt Miinchen

The morphology of thin films on top of laterally structured surfaces (here Si surface

gratings: spacing 1 um, height 13();\) was studied by x-ray diffraction in the region of

total external reflection [1].

Polystyrene films with thicknesses of 200A to 700A were deposited on the samples.
The reflected intensity yields the averaged density profile of the system, whereas the ¢,-
scans along the positions of the diffraction orders of the grating are sensitive to the in-
plane structures of the films. A theory developed by Joanny, Andelmann, and Robbins
[2] which is able to describe the experimentally observed behaviour of eyclohexan films
on rough (but mesoscopically flat) Si substrates [3] predicts a rather rapid decay of the
amplitude of the periodic structure of the topmost surface. Already for film thicknesses
of more than 200A and above a nearly flat surface is expected. In contrast to the
theoretical predictions of the experiment the "roughness” is visible even for polymer
film thicknesses of 700A. This observation was additionally confirmed by AFM
measurements.

Semiconductor films (here Ge/Si-multilayer) on top of these gratings show a quite
difterent behaviour. Here the x-ray measurements yield that the films (10 films Ge/Si,
each film SOA thick) are totaily conformal with the surface grating which means that
they follow the underlying lateral structure without decaying of the grating height, The
conformity is not only observed for the mesoscopic structures (shape of the films) but
also for the microscopic roughnesses (interface roughnesses).
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REAL-TIME SYNCHROTON RADIATION TOPOGRAPHY OF THE PARA-TO-
FERROELECTRIC PHASE TRANSITION OF AMMONIUM SULPHATE

H.L. Bhat**, H. Klapper”, K.J. Roberts*

*Dept. of Pure and Applied Chemistry, University of Strathclyde, Glasgow G1 1XL, UK.
"On leave from the Indian Institute of Science, Bangalore 560012, India.

* Institut fiir Kristallographie, RWTH Aachen, 52056 Aachen, Germany (now University of
Bonn).

Ammonium sulphate, (MH);SO,, transforms at -49°C from the orthorhombic paraclectric room-
temperature phase (space group Pnam) into the orthorhombic ferroclectric phase (Pna2)).
Besides other interesting features the transition is accompanicd by a considerable change of the
lattice parameters with a dilatation by 1,07 % along the a-axis and contractions of 0.23 % and
0.31 % along the b- and c-axes. respectively (Hoshino et al, 1958).This Jeads to a hyperbolic
representation surface of the transition strain tensor with directions of zero dilatation on the
asymptote cone of the hyperboloid. The phase boundary will adopt such directions ol zero
dilatation (low-energy boundaries) and develop a zigzag shape with segments parallel to the two
symmetrically equivalent minimum-strain orientations (Hussinger & Unruh, 1977),

‘The phase transition of ammonium sulphate and the special features of ils phase boundary have
heen studied by LAI 7 topography and by white synchroton radiation topography (Bhat ¢t al.)

Here we rene o .al synchroton radiation study (SRS Daresbury) applying a real-time
X-ray imiing , [his allows the continuous pographic display of the phase transition
onaTV rwniarm Vo cord on a video tay. . The high-resolution imaging system and the low-
emperaw.= cime L omber are deseribed. A sequence ol pictures taken from TV records

shows the tocowing | Laures of the transition:

- The movement of the phase boundary through the crystal and the development of its zigzag
shape.

- The formation of cracks at the acute apices of the zigzag phase boundary.

- Boundary segments of minimum-strain oricntation do not induce damages on moving, through
the crystal, whereas segments of other orientations imply high strain and leave behind a trace
of detects.

The support of this study by the SERC is gratefully acknowledged.
References:
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DIFFUSE SCATTERING OF X-RAYS IN MULTILAYER STRUCTURES

A.V.Andreev, Yu.V.Ponomarev
Physics Department, M.V.Lomonosov Moscow University
Moscow 119899 Russia

Diffuse scattering of x-rays in multilayer structures results from the roughnesses
of interfaces, impurities near boundaries due to the interdiffusion, and bulk non-
uniformities due to the microcrystalline structure of the different layers. We report
here the results of the experimental and theoretical studies on the angular spectra of
scattered radiation.

The angular spectrum of scattered radiation exhibits the interference maxima,
Wth the wave vector of the scattered wave obeys the condition K = Ko + Hn, where
ko isa wave vector of the incident wave, and Hn = €z 2n /d isa reciprocal vector
of the multilayer structure. The intensity In of the n-th maximum is proportional to

the x(s—?) I 2 [1], where S1=K) -Ko is a longitudinal projection of the
scattering vector on the interface plane, and x(é’) is a Fourier- transform of the
dielectric permitivity x(F’). Beyond the angles of the Bragg diffraction for the
incident wave the interference maxima due to the interface scattering, therefore we
can determine the correlation length for the interface roughnesses by measuring the
intensity of the interference maxima as a function of the incidence angle.

The measurements of the scattered wave intensity, when the incident wave
passes through the Bragg maxima, enable us to determine the ratio of bulk and
interface scattering intensitics. This is due to the appearance of the x-ray standing
wave which results in the appearance of the interference maxima for bulk scattering.
The x-ray standing wave enables us also to separate the scattering due to the
boundaries between the A-B layers and B-A layers. We study the effect of the
forbidden reflection release.

We use the Cu K x-ray emission line, and multilayer mirrors with the different
pairs of materials (W/Sb, Fe/Sc, Mo/Si, Mo/B4C). The periods of the structures
are in the range from 20 up to 200 A. The mirrors with the silicon and glass substrates
are used in our experiments.

The intensities of the diffuse maxima ( n =1..4 ) are measured in the broad
range of the incidence angles. The behavior of the intencity of the diffuse maximum
with n = 2 is thoroughly studied when the angle of incidence varies in the region of
the first Bragg re lection maximum. The dependences of the angular spectra of
scattering on the ratio of the iayer thicknesses b/a (where d =a+b) are investigated.
The effect of the release of the forbidden reflection in the scattered radiation is
demonstrated for the mirrors with 8/a=0.5. The experimental and theoretical spectra

are compared.The estimations of the statistical parameters of the non-uniformities
for the different mirrors are given.

1. A.V.Andreev, A.G Michette, R.Renwick }.Mod.Opt., 35, 1667 (1988)
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Investigation of Polarization Characteristics of Reflected Waves
under Grazing Geometry X-ray Diffraction.

AA. Andriyanchik, V.G Baryshevsky and AN, Kaminsky

Institute of Nuclear Problems Belorussian State University
11 Bobruiskaya St., 220050 Minsk Republic of Belarus

The unique  possibilitics of  grazing  geometry  Xeray diffraction  for
investigation of  crystal surface structure and thin films stimulate the  detail
analysis - of  this  phenomenon in the recent time  both  theorctically  and
cxperimentally [1-4]. Despite the great interest to this diffraction scheme the
polarization phenomena have not yet been investigated.

In this paper the wansformation of the X-ray polarization under grazing
geometry diffraction in the two-wave approximation of the dynamical diffraction
theory is analyzed. The dependence of polarization of specularly reflected and
diffracted in vacuum waves on corresponding parameters of incident wave with an
arbitrary polarization is found. As critical angles of reflection for cigen o- and n-
polarizations do not coincide the scattering of the wave with polarization different
from the cigen one leads to changing of polarization state ol the secondary waves.
In the case when polarization plane ol the incident lincarly polarized wave is
oricnted under the angle of 459 1o the crystal surface the degree of circular
polarization of the reflected waves can reach the value ~ 0.5.

Polarization characteristics of reflected waves strongly depend upon the
surface structure of crystals. The influence of the amorphous layer on the degree
of circular polarization of specular and retlected diffracted waves is investigated, It
is shown that at a certain thickness of amorphous layer it is possible to transform
incident lincarly polarized radiation into the cireular one with the degree of
circular polarization close to unity. The case when the amorphous  [ilm s
anisotropic (for example, magnetic) is also considered. The effect of excitation of
the waves with orthogonal polarization under 909-diffraction of m-polarized beam
in the crystal with magnetic amorphous layer is analyzed. Grazing geomctry
conditions lead to the essential increase of the angle of Faraday rotation with
respect o normal incidence, Analysis shows that even far trom the absorption
lines when the difference between the refractive indices for the waves with right-
hand and left-hand polarization is small (ng-n_ =10-7 and less) the effect can be
used for investigation of magnetic ilms with the thickness 10-100 nm.

References
[1] V.G. Baryshevsky, Exper. Teor. Fiz. Pisma 2, 112 (19706)
[2] W.C. Marra, P. Eisenberger and A.Y. Cho, J. Appl. Phys.. 50, 6927 (1979)
3] A.V. Andreev, Uspekhi Fiz, Nauk, 145,113 (1985)
[4] M.A. Andieeva, S.F. Borisova and  S.A. Stepanov.  Poverhnost,  Fiz.,
Chim.,Mcch. 4. 5 (1985)
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DETERMINATION OF YBaCuO THIN LAYER STRUCTURAL PARAMETERS
BY USING HIGH RESOLUTTON X-RAY DIFFRACTOMETRY.

T.S5.Argunova, R.N.Ryutt, M.P.5cheglov, N.N _.Faleev

[offe FPhysical-Technical Institute of the Russian
Academy of Sciencies, Politechnicheskayva 26,
St-Fetersburg 194021, Russia.

in this  papsr, an X-ray diffractometry in a double
ardd triple axis settings was applied to hT3 YBazaCualv-x
layers with the thicknesses from 200 to 830 nm grown on
MgO. SrTi0Os and sapphire substrates by a magnetron sput-
tering. Only monuphsasgse and C-oriented films were stu-
died., The series  of D01 svmmetrical Bragg reflections
was  measured  and analyzed in two  directions in the
seattering plane.

The diffraction of the layers has been treated like
thet  of the mosaic crystsls. As such. the tnll width of
haif maxima (FWHM)Y obtained in the doubile axis arrange
ment are considered to be consisted of the contributions
which are as follows: the finite size of coherent scat-
tering regions or grains, the tilt of the grsins and the
dilation of the crystal lattice caused hy dislocations.
By wutilizing triple axis theta- and thets-2 theta scans
we plotted the dependencies of FWHM values on the Bragg
angle. 1t was shown that the theta-scan curve broade-
nings were primarily due to the deviation of C axis from
its predominant orientation. The strain contribution was
tound to be substantially smaller than the tilt one. A
detailed analysis of the low reflecting orders allowed
Uy to evaluate the averuge grain size.

When dealing with YBaCuO layers Ly nsing an X-ray
diftfractometry, one should be aware of the fact that it
is the oxygen nonstoichiometry which defines the lat -
tice O parameter as well as the srattering factor of
the unit ecell. We discussed a poussible determination
of ¥ value from the layer U parameter measurements,

From the integral reflectivities of W1 Bragg ref-
lectivny we calculated F2t values, where F is the unit
cell scattering factor and t is the layer thickness.
Then F(X) dependences were plotted according to the da-
ta presented in /14, and F as well ag t values were
determined.

The structural parameters of the layers were stu-
died in association with those of the substrates. The
defects in the latter ones, namely. the dislocations,
their arrangements and damage layers. were revealed by
using an X-ray diffraction topography.

i. J.b.Jorgensen et al. Phys.Rev.B., 18390, v.41, N4,
p.1365.
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X-RAY DIFFRACTION STUDY OF THE LATTICE STRAIN
RELAXATION IN MOVPE GaAs/Ge HETEROSTRUCTURES

G. Attolini, C. Bocchi, P. Franzosi, C. Pelosi
CNR -MASPEC -Institute, Via Chiavari 18/A. 43100 Parma. ltaly

GuaAs/Ge heterostructures can be conveniently used as basic materials for fabricating
GaAlAs/GaAs/Ge high conversion efficiency solar cells, One advantage of the GaAs/Ge
system is that the mismatches in both the lattice parameter Aw/a and the thermal expansion
coefficient Aa/a are small (Aa/a=-0.07%., Ac/a=15%). However, for solar cell
applications the GaAs layer is usually a few mm thick, thus well above the critical
thickness for the lattice strain relaxation; the critical thickness calculated on the basis of the
elastic equilibrium theory is indeed 0.28 um, Therefore, the mechanism of the strain
relaxation through the formation of extended defects and the correlation between defects
and growth procedures are worthy of experimental investigations.

GaAs/Ge heterostructures have been grown by Metal-Organic Vapour Phase Epitaxy with
different V/III flow ratio (1.3 to 13.3); the layer thickness was always much larger than
the critical threshold for the elastic strain relaxation. The structural propertics of the
specimens have been investigated by both X-ray topography and high resolution X-ray
diffractometry. In the first case a conventional Lang camera in Bragg reflection conditions
(Cu Koty radiation, 115 asymmetric reflection) was used. In the second the investigation
was done by a Philips diffractometer equipped with a two-crystal four-reflection
monochromator (Ge, 220); the Cu Kay radiation and a set of 2 symmetric 004 and 4
asymmetric 335 reflections were used for measuring the Tattice parameter both parallel and
perpendicular to the interface.

It has been found that at high V/III ratios the layers are atfected by a lurge concentration of
stacking faults, whereas misfit dislocations are completely absent: the fault density
decreases by decreasing the V/II value. A small, but significant strain relaxation has also
been observed, thus demonstrating the effectiveness of the partial dislocations bordering
the faults in relaxing the strain. At lower V/II1 ratios the dominant defects are the misfit
dislocations 1o which the strain relaxation can be attributed,
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INFLUENCE OF Te DOPING ON LATTICE PROPERTIES
OF AlGaAs EPITANIAL LAYERS

J.Bak-Misiuk®, M.Leszczynski**®, J.Domagala* and W.Paszkowicz*

“Institute of Physies, Polish Academy: of Scienees,
Al Lotmikow 32 46, 02-668 Warsaw, Poland

> Hieh Pressure Research Center Unipress, Polish Acadenny: of Sciences,
il Sokolovska 29 37 01-142 Warsaw, Polund

Tellurnnm s one of the most important n-dopants in [1-V semiconducting compounds

In this work we present the results of measurements leading to a full understanding of

an influence of Te atoms on the lattice state of AlGaAs layers The exanunations were

pertormed with a hagh resolution diffractometer at a wide temperature range (77-

770 K) The tollowing problems were considered.

a) how Te doping influences the real structure of the layers,

b) how Te doping influences the thermal expansion of the layers,

¢) what kind of lattice relaxation occurs when DX centers are transferred into thei
metastable state.

In order to solve these problems we have examined samples with difterent Al
content and Te concentration (of different mimima of the conduction band and ol
different DX level position). Special attention was paid to the separation of the effects
caused by 1onized donors and by tree electrons The X-ray diffraction measurements
(rockimg curves and lattice constants) were supported by the clectneal examinations
(Hall efieet).
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Investigation of the 3-dimensional Structure of Ph-Stearate Multilavers by GID and
X-ray and neatron specular reflectivity

T.A. Barberka, U. Englisch, U. Pictsch, U. Hihne!, T.H. Metzger!
Universitdt Potsdam, Institue fiir Festkirperphysik; ¥ Universitdr Mainz, st . Phys.
Chemiey ! Universitit Miinchen, Scktion Physik, Lehrstuhl Peist

Multilayers of fatty acid salts prepared by the Langmuir-Blodgett (1.B) technigue on
solid support build structures that are well ordered in growth direction,

The Xeray specular retlectivity measures the electron density gradient normal to the
surtace, Using this technigue it 1s possible to determine the thickness ot a double layer,
the total thickness of the film and the roughness of the CH, - Ph-ion interface. The
interface between the hydrocarbon chains is invisible. In contrast o this neutron
saattering is sensitive to the gradient of the scattering length, The gradient can localized
at the interface between the carbon chains, when some chains are deuterated. Respective
experiments we demonstrated performed at a home X-ray reflectivity equipment and at
the beamline TOREMA 11 at the reactor in Geesthacht, Germany.

The analysis of the kuteral molecular arrangement within Langmuir-Blodgett-multilayers
requires the detection of a sufficient number of in-plane Bragg peaks. They can be
measured using the grazing incidence X-ray diftraction techmgue (G1D),

We have investigated Pb-stearate multilayers (1 < N < 19 monolayers) prepared on Si-
stupport by means of anpular dispersive GID at the W wipgler beambine at HASYLAB
at DESY in Hamburg, Germany ( 4 = 144 AL = 8,61 keV, AE 1eV) . Choosing
the angle of incidence smaller than the critical angle of ttal external reflection « the
information depth 1s reduced o the thickness of the 1B film. The diffracted intensity of
the Bragy peaks was measured in-plane (20-scans) and along the surface normat ( rod-
SCAns). using a position sensitive detector. Sixteen different Bragg peaks were found
within ) <20< 70 _independent of N ( for N> 1), which corresponds to a nonhexa-
gonal in-plane arrangement of molecules, The rod-scans were measured at six peak
positions and between them (0 < a, < 14 ). We found that the in-plane arrangement of
the molecules corresponds approximately with the 3D structure of bulk material, when

N>2. The vertical correlation of the lateral order is restricted to 1-2 double layer.

This work was supported by the BMET No 05 5IPAAL 8
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THIN SILICON CRYSTALS AS POSSIBLE MONOCHROMATORS FOR THE
ESRF TOPOGRAPHY BEAMLINE

R. Barrett, J. Baruchel, D. Bellet, A. Freund, J. Hiirtwig, E. Prieur, F. Zontone
Laropean Synchrotron Radiation Facility, BP 220, 1°-38043 Grenoble
P. Zaumseil
Instiut fur Halblewcerphysik, PSF 409, D-13230 Frankfure :Oder)

One of the crucial points in the monochromatization of the X-rays at a third generation
synchrotron radiation facility is the handling of the heat load on the first monochromator
crysial (or first optical element). This makes it necessary to apply complicated cooling
systems, to use weakly absorbing matenals, and/or sophisticated geometrical
arrangements. For the 1D 19 ESRF topography beamline (about 250 W for a closed gap.
100 mA clectron beam current, and only a 1.5 mm Be window as filter), which uses
a wide beam (height 14 mm and width 40 mm) in an energy range from about 6 keV up
to more than 100 keV. the requirements with respect to the homogeneity are very
demanding. The best matenal in the case of the topography beamline remains silicon.
One possibility to reduce the power of the incoming radiation absorbed by the
monochromator crystal, is to make it thin {1} Depending on the foreseen energy range,
a comptronuse for the crystal thickness must be found between a minimum of absorption
and a maximum of reflectivity. Furthermore, the crystal plate must be highly pertect,
e without lattice defects like dislocations, and the bending of the reflecting lattice
planes must be less than the Darwin width for the considered energy (about 5 arc
seconds or less). For other applications (e g monochromators for coronary angiography
at HASYL.AB) such solutions were already tested |2], but not for the requirements for
topography.

We investigated several silicon waters with a thin central window (membrane) of
variable geometry, produced by the Fraunhoter-Institut tur Siliziumtechnologie in Berlin.
The thicknesses of the membranes were between Tum and Sum. To characterize the
structural perfection of these samples we used several methods 1) optical interferometry
(measurement of the surface protile and in some cases the roughness with a Wyko 6000)
2) white beam X-ray topography (detection of crvstal defects and crystal detormations
using the topouraphy stations at the synchrotrons LURE and ESRF) 3) triple crvstal
X-ray diftractometry (detection of net plane bending, depth protile of deformation, )
with instruments at the Grenoble University (MRD from Philips) and the Optics beamline
of the ESRE 1t was possible to characterize the main parameters of the thin silicon
membranes which determine their suitability to be used as Laue {transmission) case
monochromators {or svnchrotron radiation at higher eneries.

Fhe results of the first tests are very promising. In some cases the structural properties
already  approach the level we need (bending of the membrane, its thickness
Huctuattons)

(A K Freund. G Sarot B Rawata S Jokseh B Ziegler. 1 B Bernan, 1B Hastings, Rev Sa
fnstrum 03 442 (1undy

PN R Dy K Faecthe C € Gluer S Gractl | oHener Hofabe W RKupper KO H Stelhmasehiek,
HASY L AB Anual repory 1987 p 37
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FERRIMAGNETIC DOMAINS AND
THE VERWEY TRANSITION IN MAGNETITF,

Raymond Barrett (1), José Baruchel (1), Michael Fottelert ), Yoshiko
Miyvamoto (2, Michel Schlenker (1), Federico Zontone (1)

LD furopean Synchrotron Radiation Facility, B.P. 220, F-38043 Grenoble, France
(2 Faculty of Science, Saitama University, Urawa, Saitama 338, Japan
() L aboratoire Louis Néel . CNRS 7 UIE, B.P. 166, 138042 Grenoble Cedex 9,

Magnetite, Fe3Oyg, exists as a minerad and is the oldest magnet. 1tis a ferrimagnet and is
cubic above its Curie temperature of 858 K. At room temperature, its casy magnetization
directions are <1 11> Ttundergoes at about 120 K the Verwey transition to i phase where
the casy magnetization directions, referred to the high-temperature cabic axes, are <100,
and where complex distortions and atomic displacements feawd to magnetoelectric behavior
which is still not fully understood.

Good single-crystal samples, with thickness in the range 0.2 to 0.5 mm, of magnetite
crown by the Bridgmin method were investigated by white-beam synchrotron radiation
topography, using a temporary setup on bending magnet {ine DS at ESRE, operating at 0
GeV. The beam was filtered with 0.5 mm of aluminum and O.6 mm of iron, The
topogruphs were recorded on Kodak Industrex R film set perpendicular to the incident
beam at a distance ot 16 ¢m from the specimen. Alternatively, 1 Sofretee image intensitier
CCD camera with a P45 phosphor was positioned to follow the image in real time on i
selected Bragg-diffracted spot. The abservations could be performed also below the
Verwey transttion, using a closed-cycle Displex tvpe helium refrigerator, and a magnetic
ticld of about 0.2 T could be applied.

At room temperature, simple domains are observed ina (011) plate, containing four casy
magnetization directions in the surface. The domains are observed through the 717 and
1097 walls, with orientation close to (0O11) or (100). Strong variations in their contrast is
encountered, depending on the wavelength used tor the reflection und on the
corresponding structure Tactor, as well of course as on the direction of the scattering
vector relative to the walls. Spectacular anomalous contrast was observed when a very
weak reflection, 711 was enhanced through simultancous reflection (Uimweganregung)
of 400 and 311, at a wavelength of 0.23 A: the domains then showed up s wrea
contrast, although their ditterence in distortion, due to magnetostriction, is very small
(A1) = 8.10°9). The same sample only has two casy directions, + [100], paraltel 1o its
surtace below the Verwey trunsition, resulting in a complicated domain structure with
closure domains, both without magnetic field and with a ficld applied in an arbitrary
direction during a preliminary experiment. Short movies of both the domain wall
movement under a field and the phase transition could be recorded on 4 microcomputer,

These results will be shown and discussed. So will the results of subsequent
investigations involving the application of the field in a well controlled direction. and
other samples, aimed also at the search for variations in distortion in the magnetically
saturated state.,

The authors are happy to thank Mr. S. Todo for preparing a single crystal and Prot, T.
Doy tor polishing two of the samples used.
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X:RAY PHASE FRESNEL ZONE PLATES AT GRAZING INCIDENCE

Yu. A, Basos

Lovemses oVl e e o T R il N o
RPN AN T O A LR R T TR

Recent developmentsin N oray opties attord the prodoction of anew focusing
clement: a Bragg Fresoel Tens tBE L which s perfect ensstal with a bFresnel zone
profile of the erystal swtace [N BEL has o high spatial resolution of about an
cutermost sone size and a hich tocosing efficreney tup to 30770 1 has alsoa narrow
speatral bandw dth ol abouw ,\).//'. a0 s FO - Such o bandwadth s due 1o b
speetrad sensitivity o Brage reflection. Flowever, quite aonumber of research amld
applicd tashs do sot require such lngh monochromatzation.

Fovbroaden the spectral handswidth we praposed 121 10 abandon Brage reflection
and ose the total external reflection. Morcover, the total external reflection has same
isetul properties: the reflection coetticients of wasvelenethy are closely tounity, the
penctrition depth of waves inside the seattering medium is about tens of angstroms
and the use o the retlection tayout allows the production of [ocusine clements as
Phase ones. The new type of Xy Focusing elements proposed are phise Freael
sone plates al grazing mcidence and they were called grazing incidence phase Fresnel
sone plates (GIPEZ P,

I this wark the configuration and the optimad zone heiaht of GIPEZPs have
heen defined for 1D N ray caagittal and meridional setupsiand 2 1 N ray focusing.
Fhe spectral and spatial resolutions, the imtensity at the focal spot have been defined
For these GEPEZPS a<well L inear and elliptical GHPEZDPS Banve been fabricated. An
experimental testime of these foeasing elements has been carried out using an N ray
seneratar wath o rolatine anode vz - Ead A A Tueh contrast of the sotiee muiges

showe the potential possibilities 1o use the GEPEZPS For NXorn miicroprobes,

Reterences
PEEN VO A Sty AN Soigirey . Yol Basov, A Y u Nikulin, AP Cont Proc. 147
LTORe 353
P20 Y 0N Basov, DAV Roshehuphing AbL Yakshing Opt. Commun, <1994, 10 be

pablished

69




THE USE OF THE X~-RAY TOPOGRAPHY
IN THE INVESTIGATION OF TWINNING IN LaGaO3 SINGLE CRYSTALS
I.K.Bdikin, I.M.,Shmyt’'ko
Institute of Solid State Physics, Russian Academy of
Sciences, Chernogolovka, Moscow district, 142432,
Russia

A detailed study of a real structure the LaGaoO single

crystals, grown by the method of crucibles zone melSing with
radiation heating, has been attempted by the methods of X-
ray topography and diffractometry in this work in a wide
thermal range (20°-300°C), including a probable phase
transition interval at 150°C [1].

It has been found out that at 20°C these crystals have an
orthorhombic unit cell with the parameters: a=5.520(2)4,
b=5.490(2)R, c= 7.770(1)& and twinning in {110}/<110> and
(112)/<1T0> systems simultaneously. The regions of cross-
twinning have been discovered in these systems.

The first-order phase transition from orthorhombic to
rhombohedral lattice has been observed at 139.5°C. The
temperature hysteresis of the transition was about 0.5°C.
The crystallographic parameters of the rhombochedral cell
being a=3.8894, a=89.50" (150°C). The samples 1in high
temperature phase have alsoc a developed twin structure. The
inherited transformation of twin structures occurs during
the phase transition, at which the c¢ross twinning 1in
{100} /<001> of a rhombohedral lattice transforms into the
twinning in (112}/<110> of an orthorhombic phase. Long-term
cycling through the point of the phase transition retains
only one {112}/<110> twinning system.

l.Sandstrom,R.L.,Giess,E.A., et all, Appl.Phys.Lett., 1988,

53 (19), 1874-1876.
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THE DYNAMICAL DIFFRACTION EFFECTS IN THE X-RAY TOPOGRAPHY
OF THE HIGH TEMPERATURE SUPERCONDUCTORS

I.K.Bdikin, I.M.Shmyt’ko, V.Sh,Shekhtman
Institute of Solid State Physics of Russian Academy of
Sciences, 142432, Chernogolovka, Moscow district, Russia

In this investigation we observe the X-ray anomalous
transmission effect in high temperature superconductors
(Nd2Cu04, (LaSr)ZCUOA, EuBaaCujomﬂ and YBaZCu]OT«) of
different thickness (15-100 um ) [1].

With the of X-ray topography it is shown that the
EuBaéﬂaOW1 crystals grown in alundum containers are
noncentrosymmetrical. The image of the crystal reverses its
contrast on opposite after rotation by 180°. The space group
of such crystal is P2mm. They have a polar axis along ([100]
and are divided 1into polar and antiphase domains. The
polarity and ferroelectricity of the HTSC are discussed in
literature [2-4].

For the EuBaJh%OLR crystals we obtained the dependence of
the Borrmann effect from the length wave. At the a=0.95A
the image of the crystal changes its contrast.

The X-ray topographic image of the single «crystals
YBa,Cu O ~ and EuBa Cuo consists of the domains with
boundaries along (110) (YBaaqupr) and (100)
(EuBaaCuJQFx). variable concentrations during the arowth or
the antiphase twinning are likely to be the reason for this
structure.

1.Bdikin I.K., shmyt’ko I.M., V.Sh.Shekhtman, N.V.Abrosimov,
G.A.Emel’chenko, Yu.A.Ossipyan, Physica ¢, 1992, 201, 69-74,
2.L.R.Testardi, W.G.Moulton, H.Mathias, H.K.Ng, and
C.M.Rey, Phys.Rev., 1988, B 37, 2324.

3.V.M.Ish’uk, L.A.Kvichko, V.P.Seminozhenko, V.L.Sobolev,
N.A.Spiridonov, Pis’ma v ZhETF, 1989, 49, 341.
4.D.Mihhailovic, I.Poberaj, A.Mertelj, Phys. Rev.,
1993, B 48, 16634.
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THE INFLUENCE OF COHERENCE LENGTH OF PSEUDO PLANE
X-RAY BEAM TO THE CONTRAST OF DEFECT IMAGES.

E.A.Beliaevskaya, V.N.Ingal.
Neray Laboratory, Nt.Petershurg, Russia.

The muiticrystal plane wave topography is effective in detection of micro defects
and other sources of small deformations i perfect monocrystals. Due to incident
plane wave the conputer experiment 1s  possible for some types of detects.
However the results of computer simulations often do not coincide with experiment. Of
course, imperfections or the defect model may be the reason, however it is obvious that
pseudo nlanc wave parameters are also important. Varions theories exist (e.g. [1,2])
taking a plane  wave dwergence into a  consideration and  we've made some
expermments 1o 128t their results. We had examined the images of different defects i
various prane wave schemes, (n, -n) and (n, -n. n), with different wave parameters in
Mok, , radiation and Si FZ-monocrystals

Experimental results showed the strict dependence of image character on the
pseudo piane wave divergence ‘ihe primary wave divergence increase leads to  the
defect wmage expansion. This result concides with the theoretical conclusions made in
12] The primary wave divergence decrease results in X-ray optics scheme resolution
rist so as the mmapes of lerge dislocation loops become more informative. The
method sensitivity  to small  deformations  becomes  better. However when  the  tie
nomnt moves to the rocking curve tail the images of small power defects disappear
bewause the size of kinematic scattering area correlates with the grain size of the photo
eirslsion and the interference is suppressed

The images of small powat Jdefects also  disappeared in any tie points in
experiments with the triple crystal spectrometer where the wave divergence was near
08" This result was not predicted in theory and can be  gualitatively explained by
the presence ot additional peaks in the rocking curve ot perfect monocrystal [3]

W the orvstal under test s devived trom the exact Bragg  position there
really exist some biver mothe covstad center, in which the interference phenomena
ave disappeared (e s not i conthet with [11) The shorter 1s the coherence length the
thicker is thus Taver ar« at appears faster when tic point moves 1o the rocking  curve
tail.  The direct aualitative observation of said statements  with the help of inclined
dislocation moder s al<o supposed So the angular position of the ¢rystal under test close
to the exact Bragy oneis the most informative o the plane wave scheme due to
fultillment of the conditions ot inerterence contrast

V L Indenbom, V' M Kaganer. Krystallografiva, 1986, v 31, N1, p.23.
PV Petrashen' Metallophizika 1983, v 10, N1.p 18
Ole Alstrup Acta Covst | 1978 v 3da, p 3. p 302

ad 1) =
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High resolution X-ray diffraction study of porous silicon

D. BELLET, D. BUTARD, G. DOLINO

Laboratoire de Spectrométrie Physique

Université Joseph Fourier (Grenoble )

BP 87, 38 402 Saint-Martin d'Heres Cedex; FRANCE,

Porous silicon (PS), obtained by an HF electrochemical etching, was first
investigated for Silicon On Insulator technology applications. More recently, the
discovery of the optical properties (photoluminescence and clectroluminescence) rose a
considerable interest for this material. In addition to its optical properties, PS exhibits
interesting physical properties. For example PS remains a nearly perfect single crystal

even for large porosity (above 80%).

Using high resolution X-ray diffraction, we have investigated porous silicon
samples fabricated under different conditions. For p* type on (1) wafer orientation, the
PS lattice parameter 15 slightly increased compared with the substrate one. The
investigation of an asymetric reflection (4 -2 -2) shows that the interface between PS and
the substrate is coherent. At the bottom of the Bragg peaks, reciprocal space maps show
an anisotropic diffuse scattering which is due to the nanometric size of the silicon
nodules. For p type (with a smaller pore size) the lattice expansion is larger than for p*
type. We have measured lattice parameter variations induced by various effects: anodic

oxidition, presence inside the pores network of a liquid or an alkane vapor...
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MOSSBAUER FILTRATION OF SYNCHROTRON RADIATION AT [SOTOPE
INTERFACE AT GRAZING INCIDENCE

V.A.Belvakov and LV.Zhadenov,
Surface und Vucuum Research Center, Kravchenko str., 8, Moscow, 117331 Russia

Mossbauer filtration of Synchrotron Radiation (SR) [1] due to the resonant Mosshauer
scattering at an isotope interface (a plance interface between different isotopes of the
same chemical element) under conditions of a total internul retlection is theoretically
investigated. The mentioned scheme of Mossbauer filtration of SR allows one to suppress
the background connected with the nonresonant SR scattering because of absence of
reflection at the isotope interface it there is no resonant scattering, Caleulations of the
reflection coefficient at the 0F¢/S7Fe isotope interface versus the SR energy and the
incidence angle are performed. Itis shown that due to the sharp resonant dependence of the
total reflection eritical angle foran isotope interface on the SR energy the choice of the
incidence angle and of the divergence of the incident SR beam allows one to change in a
great extentan energy line width of the filtrated SR. Because in any real experiment
other interfaces exceptof the isotope one are inevitably present and penerate anonresonant
background special  geometries  of  these interfaces which allow to suppress the
hackground are examined. The main idea of the suppressing of the background by a choice
of the interfaces geometry reduces to the choice of such geometries in which the isotope
intertuce is nonparallel to the another ones, This allows to separate the scattering direction
at the isotope interface from the background scattering directions from the other
interfaces with a - simultaneous background intensity reduction because the nonisotope
interfaces occure to be far away from the total re‘lection condition. A vacuum -
non Maossbaucr isotope interface of 4 saw-like profile combined with a planar isotope
intertace is examined in details. Numerical calculations itlustrating advantages ot the
proposed scheme of SR Mosshauer filtration in comparison with the others are carried out
for a S0Fe/MEe isatope interface.

1. VA Belyakov, Diffraction Optics of  Complex Structured
Periodic Media, NUY., Springer Verlag, 1992, Chpt. X.
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CRYSTALLINE PERFECTION OF THE PEROVSKITE [Nd, Sr{(Ta, AD)O,
STUDIED BY OPTICAL AND X-RAY METHODS

H. Berger®, J. Doerschel’, J. Dolle*, and P. Reiche®

a) Humboldi-Urniversuat zn Berlin, Insumr fiir Physik, Invalidenstwrasse 110, D-10115
Berlin, Germany

by dusttna pier Keistallzuchtung om Forschungsverbund Berlin e ', Rudower Chaussee
6, 12-12489 Berhin, Germany

Cubie solid-solution perovskites with the composiion [Nd,, St J(Ta, ;AL 0O, to be
used as lattice-matched substrates for epituxial growth of high-T, superconductor lavers
were grown by the Czochralsky process. Specimen shices were prepared from seed.
middle, and tal sections of the crystal boule. They have been charactenzed by photo-
clastic studies. chenueal etching, double-crystal topography and rockmg-curve measure-
ments as well as by triple-axis diffractometry (mappmg around the reciprocal lattice
pomnt).

The halfwidths of rocking curves measured on vanous pomts of the slices vary appreci-
ably (22" to 140") In the region of the halt radius of o shee, the lowest values seem 10
be realized Al the curves show broadened shoulders In areas with growth

distutbanees, the rocking curves are broader and sphtted. frequently

Striking features of the defect structure are vartatons of the chemical composition on
adarge-range scale and in growth stnatons. revealed by chemical etching as well as by
N-ray topography The amphitude of the relative lattice-parameter vartations over the
striatons amounts (1 to 2) - 107 The whole ditference of relative Jattice parameters i
an arca of about 3 mm® was found to be i the order of magnitude 8 » 107, which
coriesponds to composition vanations of about 1 at"e From the reciprocal-lattice
mapping. 1t follows that the latice-parameter changes are correlated with orientation
changes. probably due to non-cubie lattice distortions that also manly contribute to the

observed photoclastie contrast
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yiy' MISMATCH STUDIES IN A SINGLE-CRYSTALLINE Ni-BASE
SUPERALLOY BY RECIPROCAL-LATTICE MAPPING

H. Berger and L. Wilde
Humboldi-Universitdar zu Berlin, Institut fiir Physik, Invalidenstrasse 110, D-10115

Berlin, Germany

Ni-base superallovs are important as matenals with high-tetaperature strength They
consist of two phases. the fee v phase and the ¥ phase having an Cu,Au superstructure
The lattice nusmatch 0 Ua, - aMa, + a,) between both phases effects the creep
behaviour Therefore, 1t 1s necessary to determine this musmatch and further structural

parameters in order to understand the strength and creep properties of these matertals

Because of the small nusmateh and of the broad orentation distribution the full two-
dimensional distibution in reciprocal space has 1o be studied. Reflections with high dit-
fraction angles (62 = 70 and 74°) were used (o oblain large lattice-parameter changes.
The latice-parameter distnibutions were integrated over all orientations Three samples
of shghtly different composition, each before and after creep deformation were m-

veshigated

The mtensity maxima of the two phases are only partrally separated so that the nis-
match as well as their volume fractions had to be determined by profile fitting Sym-
metre curves (Gausstan, Lorentzian) do not give good reliabidity 1in some cases so that
asvmmetric curves were taken mto account Superstructure reflections of the ¢ phase

were memared additonally to indicate the shape of single-phase reflection profiles

The mismatch values amount from -S<10" to -0<10™" for undeformed and from
-8x10" to -12%10" for deformed samples This difference seems to be large conside-
nng the apphied stress of about 70 MPa The volume fractions of the ¥ phase vary

between 507 and 70%. which 1s also an unespected high value

This work was supported by the Deutsche Forschungsgememschaft (contract no. Be
1531 4-2)
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THE EXTINCTION LENGTH OF THE X-RAYS DIFFRACTED
BY THE ONE~DIMENSIONAL MODULATED STRUCTURES

A.P.Bezirganyan, S.E. Bezirganyan and P.H.Bezirganyan
Deparoment of Solid State Phvsics, Yerevan State University,
A. Manoogian Str. 1, Yerevan 375049, Republic of Armenia.

The  X-ray and the extreme ultraviolet radiation  diffraction by  the
periodicone-dimensional  modulated  multilayer interference  structures  (MIS) s
considered. In the case of the perfect semi-infinite MIS there exists a minimum numbern
of the layers, effectively reflecting in the diffraction region of the incidence angles, This
number is defined by the condition n® L/ d, where L is the extinction length and d is the
space period of the MIS. If the angle of incidence U is far from the diffraction angulur
region, then depending on U for the real absorbing MIS there exists a finite maximum
number n(U) of the structure layers, which are interacting with the incident wave field. This
number is defined by the condition n({l) * L.(0) /d, where LU is the depth of penetration,
The parameter n(U) may be changed by the corresponding selection of the materials, as
well as of the relations between the laver thicknesses in the one period of the MIS (e.g. see
11, 2. By this the retlection coefficient R * 1, if the conditions N * nand n << n(()) are
simultancously tulfilled, where N is the real MIS layers'whole quantity. In particular the
MIS retlectivity is increasing while the L is decreasing. In view of this in the paper it is
investigated the Lot the one- dimensional modulated MIS. It is shown in particular, that
even in the case of the perfect traasparent MIS with the periodic one- dimensional
modulated polarizability (the case with cosine-like polarizability is considered in [3]) the
angle of incidence, which is corresponding to the extinction lenyth, does notcoincide with
the nuddle of the angular region of the unstable solutions,

[ GeSchmahl and D .Rudolph (editors), X -Ray Microscopy, Springer Series

in Optcal Sciences, Vol 43, Springer, Berlin (1984),

[2]. AG.Michette, Optical Systems for Soft X-Rays, Plenum Press, New York
and London (1986).

[3). PA Bezirganyan A P.RBezirganvan and S E.Bezirganyan, Phy~. St Sol.t

116, 4649 (198,
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X-RAY SPECULAR STANDING WAVE

S.E.Bezirganyan and A.P.Bezirganyan
Department of Solid State Physics, Yerevan State University,
A. Manoogian Str. 1, Yerevan 375049, Republic of Armenia.

In the case of Laue geometry of diffraction and the backscattering from the monocrystals
and the high quality multilayer interference structures (MIS) the diffraction angles of
incidence corresponds to the region of the total external reflection. One of the two waves
reflected from the structure surface is well-known as a specular (mirror) reflected wave,
and the other one is the plane wave reflected from the structure in the opposite direction of
the incident wave (specular backscattered wave, see [1, 2. In consequence of the
interterence of these two specular waves is forming a specular standing wave (SSW)
directly over the structure surface with the same space period as for the rellecting family of
the net planes. The dispesitions of the SSW crests and nodal points along the structure
surfuce are depending on angle of incidence and the Bragg angle. One may determine the
dispositions and the length of the chemical bond of the foreign atoms, adsorbed on the pure
structure surfuce, by measuring the secondary radiation and shifting SSW along the
structure surface. Moreover, one iy obtain the impurity atoms two-dimensienal
disposition pattern by combining of this method with the ordinary one in which the
distances are measured in the case of the Bragg geometry of ditfraction from the other
family of the net planes of the same structure,

[T AP Bezirganyan and PA Bezirganyan, Pays.Stat.Sol.(a) 105, 345 (198K),
[2]. AP Bezirganvan, Phys. Stat.Sol()109, 101 (1988).
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STRAIN IN THICK EPITAXIAL LAYERS

K. Bickmann, and J. Hauck,
Institut fiir Festkérperforschung, KFA Forschungszentrum Jiilich, D-
52425 Jilich

X ray difitaction measurements between room temperature and 400 °C with a
precision of Ad/d = 107" (Bond method) exhibit some details in the variation of
strain in ~1 gan thick epitaxial layers of GaAs, InP, CdTe, FaS or Si8 on Si or GaAs
substrates. These layers grow coherently at a lattice mismateh { £ 0.001 between
Javer and substrate and incoherently at larger { values. The slope Ad"/AT = o, - a,
of the strain @ parallel to the substrate is negative or positive heeause of the different.
thermal expansion coetlicients a, and a, of the substrate and thin film materials.
The Tattice parameters of the eubic lavers, which are deposited at high temperatures
Toodeviate fram the lattice parameters of the single ervstals ab this temperature (fig,
1. Therefore a strain - 1077 < Y« 1077 remains on cooling to point A, which
can be much larger than the strain 107" < 2 < 1077 i large single crystals. The
¢ values of all planar GaAs and 1uS samples at point A are inereased by one or
two anncaling processes at 160 400 "C to point. B or €. Negative ¢ values were
ohserved for GaAs, Tnl and SeSopositive 7 values for Fus, Approximately constant,
ratios — (et = ")/ =My are obtained i the Y values at AL B or C are considered
as reference values instead of the @ = 0 values of the siugle erystals. These ratios
can deviate for ditferent lavers of the same material, c.g, bhetween 048 in 425 min
oS and 127 10 500 nm Fus Tavers. These values ave also different from the values
0.75 (FuS), 0,00 (GaAs)cand L1 (InP)owhich ave obtaimed from elastic constants,
A large vanation of the « and T, valnes at points A, B and (* changes the physical
properties or destroyvs the expitaxial lavers. Small variations are achieved
a) for systems with astrong bonding between laver and substrate as e.g. InP/GaAs.
b for Ga s, which was stabilized at the steps of a vieinal Si (001) plane.
cb for GaAs tavers with amorphons hatfer Tavers. The temperatuee of point B3 of

these Tavers corresponds with the temperatare of deposition of the butler layer.

Fhe Tayers are unstrained at pomt B and do not vary on further annealing,

P e e B

5: . 425nmEUS/Si(111) .

. -\\é EO T !
O e - ~— - L 1
S La-mTT
- £
\P [ U SRS U _..._-_,L__.,._.._L-___A_l_w SN G ..«L.,_____.._L_..,.._..__i
0 500 1000

o
T/ C
Fig. 1. Viriation of strain moa FoS aver after deposition at Ty (A) and after an-

nealing at 260 and 250 "C (B, O
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ABSTRACTS
HIGH TEMPERATURE TRIPLE CRYSTAL X-RAY
GONIOMETER

Bochnicek Zdenck
Department of General Physies, Faeolty of Seonce, Masavul University Broo,
Notlarska 2,601 27 Broo, Cooele Republic,

A triple crvstal goniometer with high temperature imace has been de
signed, This gomometer is capable to provide high vesolution x ray measnure
ment at temperatures iup to 8307C The somometer ensare a sollicient aneular
and an excellent temperature stability, 1t s possibide toomee inert pas ambient

at atmospherie pressare,

A B Zn'le laver deposited on 500 GaAs substrate was studied s
g Lhis equipment. Thermal expansion coeflicient of the substrate has been
measured using the triple crystal arrangement in the temperatine range up to
350°C. With this method the Bragg angle is measured directly (relative value
with respeet to room temperature position) and thus any angular instabilities
of the heated sample are eliminated,

Combining both triple and double crestal measurenient we have determined
thermal expansion coeflicient and elastic constants ey, o of the fayer. Stress
in thin filim was measured from the radins of curvatare of the substrate. Blastic
deformation was determined from the substiate and laver peak separation in
both symmetrical and grazing exit asvinmer riead diflractions.,

In addition the elevated temperatiure reciprocal space maps of the laver

bave been mcismred inavimetrical and two asvonnetrical diffractions.
The apparatns can e nsed Tor studying of melastic effects i thin filmes

which ocenr dering hiph temperatare annealing. Vhe results of (he Tatest
experiments will he shown ton,
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X-RAY STANDING WAVE STUDY OF
CdTe/MnTe/CaTe (100) HETEROINTERFACE

Boulliard J.C., Capelle B., Gualandris S., Lifchitz A, and Tatarenko S.*

LM.C.P. 4 Pluce Jussieu, 75252 Puris Cedex0)S France
*D.RFMC 85x C.EN.G. 38041 Grenoble

Some structural characieristics of (.7 and 2 monolayers of MnTe buried in a
CdTe(100) matrix were studied by means of the x-ray standing wave (XSW) method.
The XSW resalts were interpreted with the dynamical theory of x-ray difTraction.
According 1o this theory, standing waves occur in the crystal as a result of the
interterence process between incident and diffracted wave ficlds, The standing wave
pattern has the periodicity of the reflecting plancs, By rocking the crystal within the
angular range ol the Darwin curve, the standing wave pattern shifts by halt ot a period.
Therefore, a layer of buried atoms will have variation of fTuorescence depending on
there positions and the known nodal-antinodal positions.

The XSW experiments were performed on the set-up which is installed on the
beam line D25B of the LURE ( Orsay France). Two sets of experiments were chosen ;
one with CdTeM symmetrical reflection (Ged 1t monochromator) and the other with
CdTel 13 inclined reflection (Si220 monochromator), We find the MaTe layers o be
pscudomorphically matched to the CdTe host erystal. The position of the MnTe atoms,
the crystalline quality and some type ol defects have been accurately determined and
will be reported.
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THE INFLUENCE OF X-RAY DIFFUSE SCATTERING
ON THE SECONDARY PROCESSES YIELD

V.A.Bushuev

Mooz Slute Unirvey sty Fhyersal Degor tment
Lempsgre Cor o 117254 Moscow

One o f the mest perepective methods - investigation of
the fatiebed  sorface layer ottt ig X-ray  high
rose bt ion di0retion with simoltansons regictration of
e angdar dependence of 0 the cecondary  procecses (SF)
yield tphotcemission, flhucrescencs . The interntity of OF is
propertional Lo Lthe intensity orf total Xe-ray field, The
theopry ~f SP is usually based on the  assumption  of
aompletely coherent seattering. The presence of  structure
Aefeote ia taken  into ascount by introducing the static
Dabye-Waller factor £ only. However it is well-known that
defeots give rige to a diffuse component uf the scattering
intensity. The diffraction reflection curve and 5F yield
are the sume of ooherent and diffuse components.

In -he present report the statistical dynamie theory of
dAiffraction is uced Lo diseuss the influence of defects in
1 e turbed cpyetal oarface layer on the  angular
Afetribtntions o f ot et annd ines heerent {odif fuse)
sealterings, st o Che apmilae dependenes ot SP yields The
Pe-llowings orfestn e Laken inte cweconnts T Lhe dDfase
absopption  of coherent o Tields, 0 Lhe  oP,  which  dre
generated by the diffaee geattered quantda, 3) the multiple
incoherent  peceattoring of  difMee sedatiered  intensity
vogecrndary oextinetion:. Caleulations  are  made  foroa

disburtead fayer wiith a0 oconstant latties  deformation and

randomly  etress detformation of statistically distributed
miopcdefente with vardiation within a wide limits of sgtatice
factor £ (from 1 Lo o), Katn ocorrelation length, lattice

Aetvrmation, cryetal and dsturbed layer thicknesses.
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QUANTITATIVE CHARACTERIZATION OF CRYSTALS FOR X-RAY
SPECTROSCOPY

W. 7. Chang. G. Holzer, O. Wehrhan, J. Heinisch and E. Forster

Max-Plunck Arbensgruppe "Ronmrgenopuk” an der Friedrich-Schiller - Universitit Jena,
Mav-Wien-Plaiz 1 D-07743 Jena. Germany

In the ticlds of X-ray spectroscopy and x-ray plasma diagnostics. characterization
ot at and bent erystals employed as an optical clement m Bragg opuies is needed 1o
accurately interpret measured spectrum. In particular, o the relative soft x-ray range.
e A=02-0.8 noe which s imporeiat tor spectroscopte analysis i plasma diagnostics,
fusion studies. and dispersive EXAFS. the integrated reflectivity datic of both lat and
hent erystals have hitherto nat been guantitatively evaluated.

Based upon the x-eav kinematic and dynamic diffraction theones. the mtegrated
reflectivities of numerous crystals, namely, Quartz, PET. ADE, InSh. RAP, KADP, and
OHM have been caleulated. and analyzed by aking into account the effects of the x-ray
wavelength. the bending radius, and the erystal pertection.

The ntegrated reflecuvity measurements of those crystals have been performed
at BESSY KMC beam hae with a tniple-axis diffractometer [T and at our Laboratory
with i dispersive achromatic configuration 2], and with a hybrid monochromator which
provides both high energy and angular resolutions {310 The agreement between the
caleulations and the expermmentad results 1s satistactory, In parbicular, the influences of
the crystal bending perfection o bent ervstals, which are revealed by using x-ray
topugraphie technique. are demonstrated. and are inaccordance with corresponding

theorctica] caleulations,
References
PIPE Heimseh, eral., BESSY Annual Report 1993, 462,

[2]1 L Uschmann, eral o) Appl Crvse, 26. 1993, 405,
3] W7  Chang. I Chukhovskii and E. Forster, SPIEO4 Proceedings, 1994, in press.




I-DIMENSIONAL DISTRIBUTION OF THE CRYSTAL ORIENTATION
IN AN TIRON:3% SILICON ALLOY SINGLE CRYSTAL SHEET
OBSERVYED BY X-RAY ORIENTATION TOPOGRAPHY

Yoshinori Chikaura and Yoshifumi Suzuki

Depuartmient of Physcs, Faculty of Engineering, Kvushu institute of Technology,
Sensui-cho 1-1, Tobata-ku, Kitakyushu, S04 Juapan

<Aim>  In obseryving an iron-3%Silicon allov single crvstal sheet by N-rav scattering
topography (microbeam scanning type apparatus)( 1), we recognized some difterences of
the surface reflection image from the transmitted one. [timplico s o structure distribution
along the depth even ina sheetas thinas 0.2 mm. Thus we have made 2-dimensional
distribution of the crystal otientation inside a sinele ervstal plate cut froman Fe-Sialloy
sheet having GOSS structure, The secondary reervstallization mechanism(2) is also
discussed.

<Methods>  We have obtained orientation distribution maps on the (110) surface by
the X-ray orientation topography(3) after step-wise thinning trom the thickness 0.2 mm.
The X-ray orientation topography is consisted of & one-axis orientation topography and a
reconstruction-made orientation topographv(4).

<Results>  1yThe orientation varies in an angular range of about 22 minutes in every
laver. 2)Almost halt of the orientations are seen within 2 minutes inevery laver. 3)Fhe
orientation changes rapidly near the grain boundary in every laver. 4)The orientiation
changes rapidly in the vicinity of the both surtaces. 5)A tew small subgrains are found at
limited locations inside the sheet. 6)From these 3-dimensional observation we could

estimate a growth mechanism of the secondary recrvstallized GOSS structure,

(Y. Chikaura, Y. Yoneda and G. Hildebrandt. J. Appl. Crvst. 15 (1982) 48

(2)Y. Ushigami, Y. Suga, K. Kawasaki and Y. Chikaura, J. Mater. Eng. 13 (1991) 113
(3)Y. Chikaura and Y. Tuakata, Jpn. J. Appl. Phys. 29 (1990) 1378

(4)Y. Chikaura and Y. Suzuki. J. Appl. Cryst. 20 (1993) 219
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THE CONTRAST OF GROWTH LAYERS IN Ge-Si CRYSTALS BY
X-RAY TOPOGRAPHY

Roman CHIRILA , Zoltan CSIKI

POLYTECHNICAL INSTITUTE OF BUCHAREST, PHYSICS DEPARTMENT -
ROMANIA
GAMMA FACTORY OF BUDAPEST - HUNGARY

ABSTRACT

In the present paper the growth layers of Ge-Si crystals are investigated by X-ray
topography, Lang method, using MoK, (0,707 R) an AgK. (0,559 A) onthe (111,
(220), (422) reflection planes.The crystals have been obtained by Czochralsky method
in [111] growth direction having a variable $i-impuritics concentration - 0,25 o0 4
atornic percentage -. The rotation velocity has been 30 1ot/min to 100 rot/min. Using the
resulits of the dynamical X-ray diffraction theory, the studied crystals exhibits black and
white bands which are crystalline regions with opposite curvatures. The width of the
growth layers is depending of the rotation velocity; their contrast has a dynamical
character.There are discussed, also, the contributions to the total lattice deformation
given by bending distortion and the lattice spacing change, according the Kato's
theory.A low-order reflection planes leads to a better resolution and the width of the
growth layers is larger when a longer wavelength is used. It is pointed out, also, the
manner in which the contrast of the growth layers obtained by X-ray topography arises
from a different scattered intensity by the distorted lattice, being mainly determined by
the ainount of migration of the tie points on the dispersion surface branch.
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1.- James, R.W. -The Optical Principles of the Diffracyion of X-Rays, Bell, London
(1942)
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Y RAY RECIPROCAL SPACE MAPPING OF
GaAs/ATAS QUANTUM WIRES AND QUANTL M DOTS
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625 nm. Wire satellites acconipanying not ondy the SLg peak but also the Tivst ordee
MOQW -peak SEy tup o the second ordery are ohserved. The wire period determined from
the spacing ol the sateliites along the fateral gy direction is 303 nm. In an equivalent
measurement for the dot wray satellites up o the third order have been observed. B,y
denotes themr respective vrder. Inthe measwrements the samiple was onented either with
[110] direction or with [TOO] perpendicular o the diffraction phane. Conseguently the
fateral periodicnty was changed from 300 nm o 300 v e Inothe e case tus
mcreased peviod manifosts iselt in a decrease of the dot saelhite spacing by a tactor of
1732 The do perod determuned trom the distanee of the dot sateHnes g, direcuon s
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DFTECTION PROJECT FOR THE "TOPOGRAPIHY AND HIGIE RESGLUTION
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QUAST MONOCHROMA T1C IMAGING OF LASER-PRODU CED PLASMAS
M Dichsmodler. L Uschmann, and b Forster
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CHARNCTERIS A FION OF HOMOEPUTAXIAL GROWTH OF SILICON
AFTFR DC-HYDROGEN CLEFANING WIHTHE XN-RAY ROCKING CURVES
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Dot stbsinale cprhave et by Cress socien Dnan b Clecion miciosces
NEEA and Ruthertond backscattenme «RBS O Chaonelimye HRNKRD seeasuicments
sove o mbenmaton about the Litoe steam tr tunctnen o the depdh cr setmieonducting
vnaternads and e flins The HRXRD weehmgue as a non dostracuve method wath the
Bugheststram senstivaty of sy hnown wehmgue Iecould be shown, that the sensiivily
i the HRNRD method v good enough o dewect derects of mmportanee tor
nmicroclectromes. it was dalso possible o detect the mtflucoce of very small
contamimation of oxygen at the imterface. lnwerference tnmges dne to the strash induced
by a .01 monolayer between the substrate and epilaver could be observed. We were
able to calculate Cukag rocking cunves m good apreement with the measured data.
Further 1t was possible to corrclate the SIMS  and XTEM - micasurements with the
HIRNRD mcasurements. On the other side, we also compared the RBS channelling
mo ssurements with the HRXRD daw and simuolution. The RBS channelling
measurenments were very sensitive on the surtace, but not on the interlace.
We performed also tiple axis measurements as described in the paper of Pobewster | 3]
tor some ot the samples, High primary beam intensity is necessary to obtain the
information needed for o characterisation of the erystalline quality in the tait of the
Bragg peuak.

(1)) Ramm, B Beck, AL Zager, A Dommann and R.E. Pixley; Thin Solid Films,
28R(1993)23.

[2) 1 Ramm, E. Beek, A, Dommann, 1L Eiscle and D. Krliger; accepted lor Thin Solid
Films, (1994),

[ 3] P.I. Fewster, Appl. Surfuce Science 50 (1991), 9.
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X-RAY EXAMINATION OF SiC MONOCRYSTALS

Dressler, L., Goetz, K., KriuBlich, J.

Friedrich-Schiller-Universitdat Jena
Physikalisch-Astronomisch-Technikwissenschaftliche Fakulidt
Institue fiir Optik und Quuntenelektronik

Mux-Wien-Plat: |

D07743 JENA

S1C monocerystials grown by the Acheson or moditied Lely method have been examined

with different X-ray diftraction techmgues. These samples belonged typieally to the

hexagonal polytyp 6H (Ramsdell notation),

The tollowing properties were investigated:

- fattice constants ¢ and a with the BOND method,

- hattice detects (hending, deformation, masaicity) by measaring the rocking curve with
one- or two-crystal diffractometers,

- defect distribution or location by LANG topography,

- depundence of deuble retlections (Umweganregung) on degree ot the perfection.

The most important result s that the lattice constants change only very little between

different samples and measuring points on a given sample (with deviations lower than
10 ppm for the lattice corstant ¢). At the same time however the other diagnostic

techniques showed a greater lattice distontion. In the X-ray diagnosties of SiC (e.g.

lattice relaxations, stacking faults), the weak retlections, forbidden by the space group

(e.g. 00.3) or nearly torbidden by the structure (e.g. 00.4), are particulary important.

The double reflection eftect is considered in this connection.

This work has been supported by the Deutsche Forschungsgemeinschatt (Sonder-

forschungsbereich 196, project CO1).
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WHITE BEAM SYNCHROTRON TOPOGRAPHIC ANALYSIS OF MULTI-
POLYTYPE SiC DEVICE CONFIGURATIONS

Michael Dudley, Wei Huang and Shaoping Wang,
Dept. of Materials Science and Engincering,

State University of New York at Stony Brook,

Stony Brook, NY 11794-2275, USA

P.G. Neudeck and J.A. Powell,
NASA Lewis Research Center,
21000 Brookpark Road,

MS 77-1,

Cleveland, Ohio 44138, USA

C. Fazi,

SLCHD-NW-RF,

U.S. Army Researck Laboratory,
2800 Powder Mill Ruad,
Adelphi, MD 20783, USA

White beam synchrotron topographic analysis of Si1C device configurations comprising
various polytypes has been carried out. The devices, pn junctions of area | or 3mmZ, were
fabricated via CVD epilayer growth of nominally 3C- or 6H-SiC'!, on 6H-SiC substrates
grown by either the Physical Vapor Transport technique? or by the Lely technique’
Detailed analysis of diffracted intensities from the different device areas will be presented
This anzalysis indicates that those devices which were nominally 3C structure also had
some 15R structure present. Depth profiling, utilizing variable penetration depth, grazing-
incidence geometries, was used to reveal a layer-type configuration in these multi-polytype
epilayers The presence of "double positioning boundaries” (dpb's)? in the 1SR layers was
also revealed Superscrew dislocations, present in the substrates urown by physical vapor
transport, were invariably observed to be clearly replicated in the 6H epilayers but in most
cases not in the 3C/15R epitavers Growth spirals were occasionally observed in the ol
epilayers at the outcrops of the screw dislocations The potenual implicatons of the
observed defect structures on device performance will be discussed

References

1. JA Powell JB Petit, J H Edgar, 1.G Jenkins, L.G Matus, JW Yang, P Pirouz,
W. Choyke, L Clenen, and M Yoganaphan, Appl. Phys. Lett.. 89, 333 (1991)

2 Y M Tairov, and V F Tsvetkov, J. Cryst. Growth, 52, 1406, (1981)

J A Lely, Ber. Deut. Keram. Ges., 28, 229, (1955)
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! WHITE BEAM SYNCHROTRON TOPOGRAPHIC STUDIES OF
DEFECT/GRAIN BOUNDARY INTERACTIONS IN LARGE-GRAIN,
POLYCRYSTALLINE ICE

, Michael Dudley, i
Dept. of Materials Science and Engineering, L
State University of New York at Stony Brook,
Stony Brook, NY 11794-2275, USA

lan Baker and Fuping Liu,
Thayer School of Engineering,
Dartmouth College,

Hanover NH 03755, USA

Synchrotron white beam X-ray topography has been used to conduct in situ, low
temperature studies of defect/grain boundary interactions in large-grain. polycrystalline
ice The generation of faulted and unfaulted interstitial dislocation loops as a function of
temperature was monitored and the influence of grain boundanes on the distribution of
these loops was investigated. Results are discussed in the context of diffusion mobilities on
the basal plane and the relative orientation between the basal plane and the grain boundary
plane. Dislocation generation mechanisms under applied compressive stresses were also
investigated iz vitu using a specially-designed compression stage. Grain boundaries were
found to act both as effective sources and as strong obstacles to dislocation motion
Generally, the basal slip system with the highest Schmid factor was found to be the most
active in polycrystalline ice whereas grain boundary orientation relative to the loading *
direction seemed unimportant. The generality of these observations is discussed :
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WHITE BEAM SYNCHROTRON TOPOGRAPHIC STUDIES OF DEFECTS IN
6H-SiC SINGLE CRYSTALS

Michael Dudley, Shaoping Wang and Wei Huang,
Dept. of Materials Science and Engineering,

State University of New York at Stony Brook,

Stony Brook, NY 11794-2275, USA

White beam synchrotron topography studies have been carried out on 6H-SIiC single
crystals grown by ooth physical vapor transport and by the Lely method. In the crystals
grown by physical vapor transport, two general types of dislocation were observed, long
straight screw dislocations with Burgers vector equal to a multiple of the ¢ lattice
parameter, and basal plane dislocations with Burgers vector 1/3 < 1120 > Detailed
mapping of misorientations around these screw dislocations achieved by recording
topographs at a series of specimen-film distances is presented. The contribution of
wavelength dispersion to these dislocations images is discussed. Optical microscopy and
SEM analysis reveal that those screw dislocations with the largest Burgers vectors have
hollow cores as predicted theoretically by Frank ! In addition, when these dislocations
emerge on surfaces oriented close to (0001) growth spirals2 can be clearly observed.
Those spirals associated with the dislocations exhibiting hollow cores are often observed
to have several “spokes”, indicating the presence of a closely spaced group of dislocations.
Single "spoke" spirals are also observed associated with dislocations exhibiting no
discernible hollow core

Observations carried out in various diffraction geometries indicate that the basal plane
dislocations appear to emanate from the superscrew dislocations A possible mechanism
whereby a screw dislocation can generate a dislocations loop with an orthogonal Burgers
vector during the high temperature growth process will be presented

Comparison will also be drawn between defect structures observed in epilayers with those
in the underlying substiates Of note is the absence of basal plane dislocation generation in
the lower temperature epilaver growth process This ohservation is discussed in the light
of the mechamsm tor basal plane dislocation generation in the tugh temperature bulk
growth process

In the Lely crystals studied. basal plane dislocations with Burgers vector 1/3- 1120 >
were again observed, as well as basal plane stacking faults stacking faults, with associated
partial dislocations

References

1. F.C Frank, Acta Cryst., 4, 497, (1951)
2. F.C Frank, Disc. Faraday Soc., §, 67, (1949).
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A NEUTRON DOUBLE-CRYSTAL DIFFRACTOMETER WITH A
VARIABLE ANGULAR RESOLUTION

F. Eichhorn, A. Hempel, and P. Reichel

Rescarch Center Rossendorf Ine., Institute for lon Beam Physics and Matrrials
Rescarch, P. O. B. 51 01 19, D - 01314 Dresden, Germany

Recently a version of a neutron double-crystal diffractometer with a variable angular
resolution was proposed [1]. With this instrument the scattering diagram of a sample
positioned between both the crystals can be registered as a whole by a position
sensitive detector.

Such an instrument was installed at the rescarch reactor BER 1 at the Hahn Meitner
[nstitute Berlin (Betlin Neutror Scattering Center). Fig. | shows its scheme.
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Fig.l Scheme of the device Fig.2 Diffraction pattern from a holographic grating
for second crystal bending radii a) 60.5 m,

LY 3003 m, and ¢) 13.4 m.

The main components of the device are two perfect crystals which can be elastically
bent up to a radius of 10 m with an axis parallel to the scattering plane. The second
(analyzer) crystal reflects the beam only in the case that its net planes are parallel to
the net planes of the first crystal within an accuracy of 0.1 seconds of arc. Therefore,
the bent crystal fulfills the Bragg condition only at a small part of its length. If
a sample deflects neutrons (e.g. by small-angle scattering, diffraction or reflection)
then these parts of the beam are reflected at different crystal places depending on
the scattering angle. The intensity distribution is registered by a (mf‘—(]im(msimml
pusition sensitive detector.

It is possible to investigate scattered neutron intensity in the angle range from some
seconds of arc to 50 minutes of arc. For small-angle scattering it means a Q range
from 1:107* to 2:107" nm~".

lhe Fig. 2 demonstrates the function of the device for diffraction from a holographic
trefractive index) grating if the angular acceptance is controlled by choosing the
hending radius,

This project is supported by the Bundesminister fiir Forschung und Technologie
through the gram x\J(). 03-EIZROS (1992 - 95).
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MEASUREMENTS OF THE STATE OF POLARIZATION IN THE FORWARD
DIFFRACTED BEAM

Ch. Eisenschmidt, H.-R. Hoche, H. Hofer, W. Leitenberger

Martin-Luther-Universiiit Halle-Wittenberg; Fachbereich Physik
Friedemann-Bach-Platz 6; D-06108 Halle/S.

The aim of the experiment is to realize an experimental arrangement for producing
elliptically polarized X-rays in the straight forward path way in LAUE case. /1/
Calculations based on the TAKAGI-equations of the dynamical theory of X-ray
diffraction /2/ predict the occurence of elliptically or circularly polarized radiation,
respectively, inside narrow regions of the transmitted and the reflected beam in the
LAUE-case.

By coherent excitation of the o— and the n— componeni of the diclectric displacement
vector within a perfect crystal, it is possible to produce a circularly polarized beam. The
vector of the dielectrical displacement of the linearly polarized incident beam and the
diffraction plane inclines an angle of 45°.

The figure shows the BORRMANN-fan of the symmetrical 220-reflection in case of a
spherical incident wave. The incident wave comes into the crystal through a fixed narrow
slit. The intensity distribution on the back site of the crystal is measured by scanning a
second slit.

To analyze the state of polarization of the forward diffracted beam in the narrow
scanning-slit region on the back site of the crystal, the integral intensity of a single crystal
BRAGG-reflection of 20y =90° has to be measured at different azimuthal positions of
the analyzer realized by rotating the analysing crystal around the incident beam.

\ :ﬁnﬁ,sm References:

L /1/ H.R Héche, H Hofer,

netplane o crystal W Leitenberger:

: 215 pmi thick A4 - Pléttchen firr Rontgenstrahlen in
Geradeausgeometriv,
Proceedings AK Rontgentopographie,
Jena 1992

/2/ K.Hirano, T Ishikawa, S. Kikuta:
Perfect Phase retarders;
Nucl. Instr. & Meth. A 336 (1993) 343

1§ um scanning slit
moved by piezo translator

Scheme of the experimental arrangement




ELECTRONIC MEANS OF COMMUNICATION

Y. Epelboin

Laboratoire de Mineralogie-Cristallographie, URA009, CNRS,
Universite P.M. Curie, Case 115, 75252 Paris Cedex 05, Frunce

New tools are now available which allow fast communication and dissimination of
information between scientists.

The International Union of Crystallography has established a database of
crystallographers which is accessible through the networks. Very soon journals will be
sent electronically. Most synchrotron facilities have now installed the newest
hypermedia hyperntext facility WWW (World Wide Web) wnich allows from any
terminal to recover an information as text, graphics, image and to print it locally. As a
Community the scientists working in High Precision Diffraction and Topography will
have to use these new tools. A distribution list is already ready for use. New services
may be installed at wish.

This poster will present some examples of these new facilities, If feasable, so me simple

demonstrations will be shown.
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HRXRD INVESTIGATION OF THE MAIN FEATURES OF THE
PROCFESSES OF THE EPITAXIAL GROWTH AND DEFECTS
GENERATION IN HETEROSTRUCTURES

N.Faleev
AL doffe Physical-Technical tustinae (P11, Poliickhmicheskaya 26, St.Petershurg,
194021, RUSSIA

There is currently an extremely strong interest in advanced electronic structures in
the investigation of processes of cpitaxial growth and defect gencration because of
their great influence on the physical properties of heterostructures. Clearly, the
physical propertics of heterostructures are extremely aftected by difterent structural
defects. The existence of the strong correlation between the growth conditions and
crystal perfection of heterostructures is the main reason for further investigation of
these processes by means of HRXRD techniques, which are effective non-destructive
methods for characterization of these materials.

The interterence X-ray diffraction method [1.2] which has an extremely high
sensitivity to the crystal perfection and space resolution (up to one monolayer for
definite type of heterostructures [3]) and difterentional one {4] allow to determine the
structural parameters of any type of heterostructures including multilayer and QW
ones, allow to study the process of epitaxial growth including iis initial stage and the
processes of elastic strain relaxation and defects generation

The results of our investigations of lattice matched InGaAsP QW grown by LPL
and lattice strained InGaAs QW DI grown by MOCVD technique show the existence
of strong correlation between epitaxial growth conditions and the process of defect
generation. Thosc results allow to suggest the qualitative model of the processes of
epitaxial growth, elastic strain relaxation and defect generation in heterostructures. It
was shown that the main type of structural defects in heterostructures are the own
growth defects The main reason for the beginning of the process of defect creation is
an appearence of elastic strain under the epitaxial growth  This is a result of
Dimperfect growth conditions (for lattice matched heterostructures), which leads to
the appearence of the stretched elastically stramed intermediate layer near the first
interface  or  2) lattice mismaich  which nally exist in lattice mismatched
heterostructures

Preliminary investigations of mismatched  heterostructures grown by MOCVD
technique show that the initial stage of the epitaxial growth affects strongly on the
process of clastic strain relaxation and results in two different types of ervstal structure
of the strained lavers It was also shown that under the perfeet growth conditions the
critical thickness ot such layers may be exceeded three to five times

I. Tapter and K Ploog, Phys Rev B, 1989 40(14), p 9802
NN Faleev, I | Flaks, T K Solomin ¢t al , Phys Stat Sol (a). 1990, 120, p 327
I. Tapter. M Ospelt and H Kanel. } Appl Phys . 1990, 67(3). p 1298

TS Argunova et al | Inst Phys Conf” Ser No 117 Section 9, p 669, 1991,

- 1D -

97




A NEW INTENSIFVIED CCD-CAMERA FOR X-RAY APPLICATIONS

F Fandrich, R. Kohler, H. Damerow

Mavx-Planck -Arbeitsgrappe " Rintgenbeugung an Schichtsystemen” an «er Humboldi-
Universitdt zu Berlin, Hausvogteiplatz 5-7, D-10117 Berlin, Germany

E. Jenichen

Fa. Prascan GmbH, Obere Bahnhofstr. 5-7, D-82110 Germering, Germany

Compared with the widely used method of recording x-ray images as i pographs on
photographic ¢mulsion, electronic cameras have the advantage of saving the wet chemical
process of film development. Moreover the digitized data are immediately available for image
or duta processing purposes. However, the resolutiZn of an electronic camera system is worse
than that of film material.

The camera presented here uses the "indirect” method: x--ray quanta (8 keV) are converted to
visible light in a phosphor screen, this is intensified in a one-stage microchannel plate image
intensifier and detected with a cooled slow-scan CCD camera with a 1k x 1k chip and
(19 1un)? pixel size. The camera is designed to gain high spatial resolution. The optical con-
nections consist of fibre ootics. Taking into account the optical transfer one CCD pixel
corresponds to (8.8 wm)? on the phosphor screen. Furthermore, the detectio. of single x—ray
quanta is intended. For these purposes the charge which is generated in the CCD pixels during
exposure is not accumulated on chip. Instead a numerical algorithm for the digitized data will
be used taking advantage of the fast signal processor on the frame grabber board.

Technical information about the camera and results of tests concerning resolution and quantum
efficiency will be presented.
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IN SITU X-RAY INVESTIGATIONS OF THE HIGH TEMPERATURE
BEHAVIOUR OF STRAINED Si, Ge/Si AND Si, (C/Si HETEROSTRUCTURES

G. G. Fischer. P. Zaumseil

Institute of Semiconductor Physics, P.B. 40Y, 15204 Frankfurt (Oder), Germany

We investigated RTCVD- and MBE-grown pseudomorphic Si, Ge (0 15-x<0.35) and Si,.
,C,(0.008-y<0.016) thin layer on Si(100) substrate at anneal temperatures up to 1000 °C.
To measure /n-situ the variation of the epilayer lattice constant, a conventional X-ray
powder diffractometer with high temperature attachment in combination with a high power
X-ray generator was used. The measurements were carried out by successive 8/20-scans of
the Cu K radiation (400)-reflexion during post growth annealing, with a time resolut~n of
about 5 minutes. From the decrease of the angular distance between substrate and layer
reflexion, the strain state of the system can be obtained. The results given by this low
resolution powder diffractometer method were compared ex-sizu with high resolution
double and triple crystal diffractometer measurements.

In the compressive strained Si,  Ge/Si system we could observe strain relaxation which is
explicable by the introduction of misfit dislocations at the interface. At temperatures about
1000 °C an additional effect, the interdiffusion of Si and Ge and thus the decrease of the Ge
concentration inside the layer. enhances the relief of the strain. Both effects were separately
measurable by successive measurements of symmetrical (400)- and asymmetrical (311)-
reflexion during isothermal annealing, and the diftusion coeflicient was determined in its
dependence on the Ge content,

On the other side. in the tensile strained Si, (C,/Si heterostructures at temperatures beyond
800°C. the nucleation and diffusion controlled growth of SiC nanocrystals was found to be
the dominant mechanism decreasing the amount of C atoms on substitutional sites and thus
relieving the strain in the layer. The decrease of the carbon content during isothermal
annealing. exhibited exponential behaviour. with a time constant showing an Arrhenius-like
temperature dependence. From this result, we determined an activation energy
corresponding to the known activation energy for the diffusion of substitutional carbon in

silicon.
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INVESTIGATION OF THE CRYSTAL QUALITY OF InAs/GaAs
HETEROSTRUCTURES BY HIGH RESOLUTION X-RAY DIFFRACTION

.. Francesio, P. Franzosi

MASPEC-C N.R. Institute, Via Chiavart 18:A 43100 Parma, ltaly

M.R. Bruni, M.GG. Simeone

ICMAT-C.N R Institute, Via Salaria Km 29, Monteroiondo, 00015 Roma, ltaly

InAs layers have been grown by conventional Molecu..r Beam Epitaxy on (001) oriented
GaAs substrates; a 0.2 um thick GaAs buffer layer was always interposed between the
substrate and the heterolayer. The growth temperature Ty was varied from 350 to 500°C
and the layer thickness t| was 2 and 6 um.

The crystalline quality of the specimens have been investigated by & high resolution
Philips diffractometer equipped with a two-crystal four-reflection monochromator (Ge,
220); the Cu K radiation and the symmetric 004 reflection were used. The assumption
was made that the full width at half maximum B of the layer Bragg peak is determined
solely by threading dislocations; then the concentration of the threading dislocations p was
calculated by the expression p=(/3b)2, where b is the length of the Burgers vector.

It has been found that P strongly decreases by increasing Ty. The values B=492, 347,
319, 275 arcsec were indeed measured for 2 um thick layers grown at Tg =350, 400,
450, and 500°C. Assuming that the threading dislocations are of 60° type, their
concentration p changes from about 3.5x108 to 1.1x108 cm™2 by increasing Ty from 350
to 500°C.

A strong improvement of the crystal quality has been observed at each growth temperature
by increasing t;. For example, at Ty=350°C the values B=492 and 268 arcsec
(corresponding to p=3.5x108 and 1.0x108 cm-2) were calculated for y=2 and 6 pm
respectively, whereas at Ty=500°C the values B=275 and 154 arcsec (corresponding to
p=1.1x108 and 0.3x108 cm-2) were measured.

It can be concluded that the crystal quality of the InAs heterolayers improves by increasing
the growth temperature, possibly due to the enhanced surface mobility of In, and by
increasing the layer thickness as a consequence of dislocation recombination and
annichilation mechanisms.
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HIGH RESOLUTION X-RAY DIFFRACTION STUDY
OF MOVPE InGaAs/InP SUPERLATTICEN

1.. Francesio, P. Franzosi

MASPEC-C N R Institute, Via Chiavart 18/1A, 43100 Parma. laly
;. Landgren

Royal Institute of Technology, S-16421 Kista, Sweden

30 period InGaAs/InP nearly lattice matched superlattices have been grown by Metal
Organic Vapour Phase Epitaxy on (001). Twao different specimen series were prepared: in
the first the InGaAs well thickness was kept fixed at 3 nm, while the [nP barrier thickness
wis varied from 1510 3 nim; in the second the barrier thickness was 2.3 nmy and the well
thickness varied from 9.2 to 2 nm.

The structural properties of the superlattices have been investigated by high resolution X-
ray diffractometry using a Philips diffractometer equipped with a two-crystal four-
reflection monochromator (Ge, 220); the Cu Kaj radiation and both the symmetric 004
and 002 reflections were used. The first reflection permits a better separation between (-
order and substrate peaks, whereas the second evidences the modulation of the satellite
peak intensity which is related to the thickness of the thinnest layer in the period. The
experimental curves were fitted using a computer program based on the dynamical
diffraction theory.

When the barrier is much thicker than the well the superlattice has a high structural
quality. Only the presence of thin intermediate layers has been assumed in order to fit the
experimental data: at the lower interface of the well (i.e. from InP to InGaAs) about 3
monolayers of InGaAsP have been introduced, whereas at the upper interface (i.e. from
InGaAs to InP) about 4 monolayers of InAsP has been considered. The structural quality
strongly worsens with barrier thickness decreasing; when the barrier is as thin as 4-5 nm,
only a few satellites are detectable, their shape is asymmetric and the intensity low,

When the well is much thicker than the barrier the structural quality is as good as in the
reverse case. The experimental curve could not be fitted in a satisfactory way, although
the period, the average well composition and the well-to-barrier thickness ratio were
found to be in good agreement with the project parameters. The quality of the superlattices
has been found to worsen by decreasing the well thickness. When the barrier was 2.3 nm
and the well 2.0 nm, no satellites were detectable.




HIGH-RESOLUTION X-RAY SPECTROSCOPY USING A JOHANN
SPECTROMETER IN VERTICAL GEOMETRY

M. Fritsch, T. Miflalla. . Holzer, 0. Renner’ and E. Forster

Max-Planck-Arbeitsgruppe “Rintgenoptik” an der Friedrich-Schidler-Universitiit Jena.
Max-Wien-Platz 1, D-07743 Jona, Germany

An aliernative schme of the Johann spectrometer, which takes advantage of the
divergence of the radiation in the plane perpendicular to the plane of incidence [1] is used
for x-ray spectroscopy. Compared with other well known echnigues  (for example
single crystal or the conventional Johann geomeltry), it provides at the same time high
spectral resolution, luminosity and 1-D spatial resolution. ‘The unique features of this
instrument are used for two purposes:

1. Excitation-cnergy dependence of X-ray emission line shapes

Recently, high-precision measurements of spectral line shapes of x-ray emission
lines using single- and double-crystal-spectroscopy are published 2,3). The mecasured
line-shape was interpreted in terms of an empirical Lorentzian model (21, respectively on
the basis of Dirac-Fock-calculations of “spectator hole” transitions |3].  Experiments
with a vertical Johann spectometer at the monochromator beamline of HASYLAB
Hamburg were carried out to show the influence of different excitation cnergics near
the K-absorption edge of iron on the spectral line shape of the x-ray fluorescence
lines.

2. High-resolution spectroscopy of laser produced plasmas

In plasma diagnostics the above mentioned properties of the vertical Johann
geometry are necessary for detailed studies of plasma parameters. In experiments at the
Max-Planck Institute of Quantum optics in Garching lascr pulses were focused to
massive KCl targets to create a high density Cl plasma. The Hea-group of He- and
Li-like iones were recorded at two different directions of obscrvation (nearly parallel
and with an angle of 45° to the target surface). The time integrated spatial distribution
of the main plasma parameters, Doppler shift of the cmission lines, gradients of the
ion velocity and opacity effects on the line position were determined.

Referencees

[1] O. Renner, M. Kopecky, E. Krousky, E .Férster, J.S. Wark, Proc. SPIE
1980, 87 (1993).
[2] J. Hinwig, G. Holzer, J. Wolf, E. Forster, J.Appl.Cryst. 26, 539 (1993).
[3] M. Dcutsch, G. Hilzer, M. Fritsch, E.Forster, J. Hirtwig, Phys. Rev., in press.
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Phys. Rev. Lett. 72, 1826 (1994),
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USING OF TOPOGRAMS IN LENSLESS X-RAY OPTICS

K. T.Gabrielyan, M.K.Balian

Soled State Phisies Depavtment, Facully of Phrsies, Yercvan State Uneecrsity, Aleek

Manougian 1, Yerevan 3750449, Arincma

In the report the possibility of usage of perfect crystal X-ray topograms as focusing,
optical elements is considered. It is shown that:

(1). The plane wave topogram of a crvstal with exit surface of spherical shape
is a system of interference fringes coincident with Fresnel zones. The zone sizes and
their quantity can be variable over the wide range of values depending on N-ray
wavelength and crystal tepe. Such a topogram may be used as zone plate for <oft
X-ray radiation:

(11). Using the section topogram of a plane - parallel cryvsial one can obtain a
magnified visible image of the N-ray source. To do this the thin erystal section
topogram should be illminated by light wave which being ditfracted by the system
of pendellozung, fringes is foensed forming the X rayv sonree image. The foeal length,

magnification and imape diffraction sizes ave caleula ol
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XRD CHARACTERIZATION OF IMPLANTATION
DAMAGE IN InSb REDUCED BY MAGNETIC FIELD

E. Gartstein®, Yu. Khait* and V. Richter*

* Inst. for Appl. Research, Ben-Gurion Universily,
Beer-Sheva, 84110, Isracl

t Sobid State Institute, Technion, Haifa 32000, [srael.

lon inplantation plays important role in device fabricaticu in modern semi.
conductor technonlogy. Sinee the radintion induced damage it fluenees the elee-
trotiic properties, post implantation treatment is required to remove it. It has
been shown recently that a weak permanent magnetie field (PMF) could reduce
significantly the implantation damage in Hygo s Cdg2T'c crystals[1]. Analogous
effect has been observed iy InSbh erystals implanted with In atoms at 320kev
with a dose 1-10" e ¢, Tn this work the structural perfection of the implanted
layers was characterized by triple axis and grazing incidence Xoray diffraction
carried out on Philips MRD diffractometer[2]. The 8 : 28 scans for samples
nnplanted in magnetic field and in the absence of the magnetic field in compar-
ison with the pre-implanted sample showed that the suréu'v layer undergoes a
lattice expansion. A smaller amount of strain resulted in the case of the sam-
ple treated in PMF. The comparison of the rocking curves for these samples
also showed the shift of the low angle side of the Bragg peak characteristic of
lattice expansion in the implanted layer, which was more pronounced in the
case of magnetie field absence. However, for the sample implanted in PMF,
more diffuse intensity is observed in the vieinity of the Bragg peak implying
mereased tendency for the formation of extended defeets and/or their depth
distribution closer to the surface of the erystal. The swelling of the implanted
surface layer was also observed in the intensity patterns of asymmetrice reflee-
tions measured from o number of planes inelined to the surface. In addition,
rocking curves from the {224} planes perpendicnlar to the surface were mea-
sured under ineident and exit grazing angle conditions. The patterns showed
features similar to the ones observed in normal incidence. The seattering is
shifted to the low angle side of the Bragg peak indicating o positive strain of
the lattice planes, which is smaller for the sample implanted in PMF, while a
higher intensity around the Bragg peak for this sample points to a larger size
of the defeets and/or their localization closer to the surface. The interpretation
of the Rutherford backseattering channeling spectra measured ou these samples
supports the results of Xoray diffraction.

[1] Yu. L. Khait and V. Richter, 1993 J. Phys. D: Appl. Phys. 26, 1806

[2] E. Gartstein, in preparation
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Residual and thermal strain investigation of ZnS epitaxial layers
grown on [100]-GaAs by vapour phase epitaxy

C. Giannini, C. Gerardi and L. Tapfer
Centro Nuazionale Ricerca e Sviluppo Muateriali (CNRSM), S.S. Appia Km 712, [-72100 Brindisi,
Ttaly

T. Peluso, N. Lovergine and L. Vasanelli
Dipartimento di Scienza dei Muateriali, Universitd and Unita GNSM-INFM di Lecce, Via per
Arnesano, 1-73100 ltaly

In this work. ZnS epitaxial fayers grown by chemical vapour epitaxy on [100]-oriented
GuAs substrates are investigated by x-ray diffraction and secondary ion mass spectroscopy (SIMS).

The residual strain status of the as-grown samples was determined by high resolution double
crystal  x-ray diffraction measurements. Eleven diffraction curves were recorded in the vicinity of
the (400), (422) and (531) Bragg reflections in different diffraction geometries and for several
azimuth angles. The analysis of the experimental data was performed by using a general model
which relates the angular distances between diffraction peaks and strain tensor components in 2nd-
order approximation. This model considers the lowest crystallographic symmetry (triclinic) for the
lattice distortion of a cubic unit cell. Qur results indicates that the crystallographic symmetry of the
distorted ZnS unit cell is orthorthombic which is explained by an anistropic dislocation density
distribution in the interface plane.

In order to determine the strain contribution due to the differences in the thermal expansion
coefficients between ZnS and GaAs (thermal strain) the temperature variation of the residual strain
was measured between 25 and 650 °C by using a single crystal x-ray diffractometer. In this work,
we determine experimentally for the first time the thermal misfit between ZnS and GaAs and the
ZnS thermal dilatation coefficient,

Finally, the chemical composition of the ZnS/GuAs interface for the as-grown and the
annealed samples was measured combining triple crystal x-ray diffraction and SIMS techniques. An
interdiffused layer was revealed at the heterointerface which presence was found to be not related
to the strain relief process, but it is probably caused by the intermixing of the atoms at the early

stage of the epitaxial prowth.




DIAMOND PHASE PLATES FOR X-RAY POLARIMETRY AT THE ESRF

C.Giles!:3, C Vetier!, F. de Bergevin! 2, C.Malgranged, G.Griibel!, J.Goulon!

I.European Synchrotron Radiation Facility, BP 220 18043 Grenoble Cedex, France.
2. Laboratoire de Cristallographic, CNRS, BP 166 X, 38042 Grenoble Cedex, France.
3.Laboratoire de Minéralogic et Cristallographie, Universités Paris 6 ¢t 7, case 115,

4 place Jussicu, 75252 Paris Cedex 05, France.

Low emittance third-generation storage rings, like the ESRF, provide an optimum
condition for the use of perfect crystal phase plates combined with planar undulator
sources. Their low angular and spatial distributions in both the horizontal and vertical
directions are suitable to an excetlent performance of diamond crystals as quaner-wave
plates (QWP) and half-wave plates (HWP), Recent experiments performed at 1D10
(Troika Beamline) at the ESRF confirm 99% and 97% cfficiencies of diamond phase
plates in the transformation of horizontal linear polarization into circular polarization and
linear polarization in the vertical plane respectively. Furthermore, the suceessive use of
two QWP allowed the production of lincar polarization in any desired direction and the
complete characterization of the polarization state of a circularly polarized beam within
1%. The diamond plate was sct in an asymractric Laue transmission geometry at 9 keV,
allowing a transmission factor of 0.4, Preliminary caleulations indicate that such phase
plates with suitable thicknesses could be efficiently used in the energy range from 4 to 17
keV.
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CHARACTERIZATION OF MONOLAVERS AND MULTILAYERS BY
A CONVENTIONAL POWDER DIFFRACTOMETER WITH SPECULAR
REFLECTIVITY

R. Gilles, G. Will, F. EIf

Mineralogisches Institut, Universitdt Bonn
Poppelsdorfer Schlof, 53115 Bonn, Germany

Thin films are generally analyzed by using synchrotron radiation with highly collimated
beams or line focus rotating anode X-rays in connection with channel cut mono-
chromators. Improvements of commercially available powder diffractometers permit
today to perform reflectometry experiments also with conventional x-ray radiation. The
great advantage is the easy access in basically every laboratory. The investigations
reported here have been performed on a Siemens D S000 powder diffractometer with
graphite monochromatized Cu-Ka radiation. Information about thickness, density and
roughness were obtained by least-squares refinement methods assuming different
models.

We will report on the analysis of a S00 A Pt monolayer on a Si (110) substrate. First
results revealed a deviation between observed and calculated reflectivity at higher
angles. Assuming a thin oxygen surface layer (14 A) on Pt led to a complete match of
both curves. Oxydation of the top layer is not uncommon. Furthermore we could
demonstrate that a misalignment of the film surface of +0.2° resulted in no significant
change of thickness (< 1%), of density (8%) and of roughness ( < | %) calculated from
the observed data. This insensitivity is quite surprising and is another advantage of
such an experimental setup. In a second example the dependence of layer-thickness
from sputtering at different argon pressures will be shown for two 300 A Pt films.

An important application is found in the investigation of multilayers, consisting of pairs
of bilayers. Bragg reflections and multiple Kiessig interference fringes can be observed
in X-ray reflectometry yiclding thickness, density, surface roughness and especially
diffusion. As an example we will discuss a Pt\Co multilayer, where we could observe
diffusion of Co into the Pt-layer.




DIFFUSE X-RAY SCATTERING FROM MISFIT DISLOCATIONS AT
SEMICONDUCTOR HETEROINTERFACES

M.S. Goorsky and M. Meshkinpour
Department of Marerials Science and Engineermg, University of California, Los Angeley,
Loy Angeles, CA 90024

D. Streit and T. Block
TRW, Electronic Systemys Graup, Redondo Beach, CA Y0278

ABSTRACT

X-ray diffuse scattering in (001 InGaAs/(AIGa)As high electron mobility
transistor  structures was observed for structures whose  InGaAs  channel  thickness
exceeded the critical thickness. The ditfuse scattering was determined to originate with
misfit dislocations, as contirmed by plin view transmission electron microscopy (TEM).
Diffuse scattering was measured using triple axis x-ray diffraction, which showed that the
diffuse scatter was sensitive 1o the density and direction of the mistit dislocations. Using
TEM for calibration, we determined that the diffuse scattered intensity is directly
proportional to the dislocation density. For samples with mistit dislocations along only
[T 1()], diffuse scattering was contined to a crystallographic direction which was
perpendicular to the mistit segments, but for samples with thicker InGaAs layers - and
misfit segments in both <110> directions - ditfuse scattering existed in a more random
distribution around the reciprocal lattice point. We also found that the observation of
directional diftuse scattering provided o more sensitive means to deteet misfit segments
than other commonly used techniques.  The presence of an orthogonal array of misfit
distocations impaired device performance. but the best device performance occurred in
the samples with a one dimensional amvay of misfit segments, demonstrating that this

technique is usetul for predicting device performance.
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THE DETECTION OF PRECIPITATES
BY X-RAY TOPOGRAPHY

Sdndoxr Gurbdn
Research Institute for Technical Physics of HAS
H-1325 Budapest P.0.Box 76 Hungary

Nowadays, substrates of semiconductor devices are
mostly dislocation-free single crystal slices of silicon,
gallium arsenide, etc., but nevertheless they may contain
precipitates. Als¢o technological processes i.e. doping by
adequate atoms followed by heat treatment may result
precipitates. To determine whether construction or
dilatation happened in the lattice surrounding the
precipitates 1is essential and also at least a rough
estimate of the value for this contraction or dilatation is
desirable.

For solving this problem the "method of exposure
series" (MES) was used. By turning the well oriented sample
around its vertical axis by series of adequate angles and
at each setting, a topograph was recorded to the same film.
From the intensity values diffracted at each position by
the substrate its rocking-curve can be derived (see
figure) .

Comparing the pictures, where the precipitates reflecting
with maximum intensity to those pictures, where their
enviroment (substrate) are in ideal reflecting position
angles, it’s possible to decide whether the faults cause
local contraction or dilatation in the lattice. Getting to
a better estimation, this procedure must be done repeatedly
for reflections of medium intensity.

In reality, the situation is more complex, the sample has
some curvature and/or contains growth circles, causing an
intensity fluctuation between different regions of the
topographs.

H it
aoo!ntensrlty (measured by photodensitometer) As  an  example we
have investigated
the precipitates
///’**“\\\ created in a (100)
/ ™~ gilicon slice by
200 J/ \\\ do?ed with B (1018-

/ 101%/cm3) lying in a

150 // \\\ 1 um thick surface

layer. Due to the

100 curvature of sample

in different regions

50 the precipitates

appear as dark

o spots, light spots

0 0001 0002 0003 0.004 0.00% 0006 or partly dark and
Relative reflection angle (degree) light spots.

250
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MEASUREMENT OF INTERFACE ROUGHNESS IN A
SUPERLATTICE OF DELTA-BARRIERS OF ALUMINIUM IN GaAs
USING HIGH-RESOLUTION X-RAY DIFFRACTOMETRY

L. Hart, P.F. Fewster', M.J. Ashwin, M.R. Fahy and R.C. Newman

Interdisciplinary Research Centre for Semiconductor Mcterials, Imperial College,
London SW7 2BZ, UK
'Philips Research Laboratories, Cross Oak Lane, Redhill RHI SHA, UK

Delta-doping, or the confinement of dopants to a single atomic plane, has useful
applications for electronic devices. A study of Si 8-doping in GaAs has shown that if
the growth temperature is low to prevent diffusion and surface segregation, and the
arsenic flux is maintained during deposition so that dopant atoms are located on Ga sites
only, then it is possible to confine the dopant aioms to a single atomic layer, with a
spread of no more than 1% monolayers (ML)'. However, once the Si coverage reaches
% ML, there is a loss of electrical conductivity, implying that there :re local distortions
of the lattice sites and/or changes in the charge state of the Si in the 3-layers®. In an
attempt to understand this, a comparison has now been made with Al 8-barriers since
Al, unlike Si does not have the complications of amphoteric behaviour and bistability
in lattice location.

Molecular beam epitaxy was used to grow superlattice structures on (001) GaAs
substrates at 400°C with the arsenic flux maintained during deposition of aluminium.
Samples consisted of 20 to 100 &-layers of 1.0, 0.5 and 0.1 ML of aluminium, each
separated by SO0A GaAs. A Philips high-resolution, triple-axis diffractometer with a 4-
reflection Ge 220 monochromator and a 2-reflection Ge 220 analyser was used to map
reciprocal space close to the 002 Bragg reflection, Information obtainable by high-
resolution x-ray diffractometry includes the total aluminium concentration, average layer
thicknesses, variation in superlattice period, spreading of 8-layers perpendicular to the
surface and interface shape parallel to the surface. The superlattice period is determined
from the spacing of satellite peaks visible on either side of the average layer peak.
Variations in the period cause broadening of the satellites while interface grading
changes their integrated intensities.

For Al in GaAs, the structure factor sensitive 002 reflection gave the most highly visible
satellites. In one sample, more than 30 satellite peaks were visible on either side of the
main Bragg peak. Comparison with dynamical simulations resulted in best-fit models
for the structures of 1.4, 0.7 and 0.25 ML of AlAs and 472A GaAs, with a 2% period
variation. Simulations also showed that there was no spreading (interface grading or
roughness) beyond 2ML (6A). In conclusion, high-resolution x-ray diffractometry can
be used to characterise superlattice structures with 8-layers less than 2ML in thickness.
The Al d-barriers behaved as expected, showing that in Si 8-doping, some change must
occur in the charge state and/or local lattice distortion which does not occur for Al

'L. Hart et al, Appl. Phys. Lett. 62 2218 (1993)
’M.J. Ashwin et al, J. Appl. Phys. 73 633 (1993)
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THE RELAXATION LINE IN RECIPROCAL SPACE - THE USE OF
A MODEL

H. Heinke, S. Einfeldt, B. Kuhn-Heinrich,
M. O. Moller and G. Landwehr

Physikalisches Institut der Universitit Wiirzburg,
D-97074 Wiirzburg, Am Hubland, Germany

Reciprocal space mapping is a powerful method for the detailed structural char-
acterization of even nonperfect crystalline layers., This will be demonstrated on
the example of epitaxially grown II-VI heterostructures. Thereby especial atten-
tion will be attached to the model of the relaxation line. It describes the effect of
the elastic strain and its relaxation in an epitaxial layer on the distributions of the
scattered intensity in reciprocal space. This effect can be a shift of the maximum
or/and a broadening of the scattered intensity along this line the direction of which
depends on the elastic constants of the layer material and on the order of the Bragg
reflection.

Rocking curves and the reciprocal space maps of Bragg reflections performed
in symmetrical scattering geometry are affected in a similar way by gradients of
the relaxation state as well as by variations of the chemical composition. However,
for reciprocal space maps of asymmetrical Bragg reflections the directions of the
broadenings caused by these two gradients are essentially different. Knowing the
direction of the relaxation line, this enables one to distinguish the two kinds of
gradients. This is demonstrated for two examples: a HgCdTe layer showing a
variable Cd content, and a CdMnTe layer with a gradient of the strain state the
latter has been proved indirectly by photoluminescence.

The relaxation line is useful for the description of thermoelastic strain in het-
erostructures, too. This strain is caused by different linear thermal expansions of the
layer and substrate materials during cooling down a heterostructure from growth
to characterization temperature. Thermal induced strain states have been sys-
tematically observed for HgSe epilayers on ZnTe buffers on GaAs(001) substrates.
Despite of the low HgSe growth temperatures of only 110°C, the thermoelastic
strain is clearly visible in this epitaxial system due to the large differences in ther-
mal expansion coefficients of the materials concerned. The effect of thermoelastic
strain can be influenced by varying the temperature either of the growth or of the

characterization which will be demonstrated.
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NEW X-RAY REFRACTOGRAPHY FOR NONDESTRUCTIVE
INVESTIGATION OF ADVANCED MATERIALS

Manfred P. Hentschel, Dirk Ekenhorst, Karl-Wolfram Harbich, Axel Lange

Federal Institute of Muterials Research and Testing
(BAM-6.22), D-12200 Berlin

X-ray refractography is an unconventional x-ray scattering tzchnique which has been
developed and applied to meet the actual demand for improved nondestructive
characterization of high performance composites, ceramics and other low density
materials and components. It determines the amount of inner surfaces and interfaces of
nanometer dimensions due to the short X-ray wavelengih of ~ 0.1 nm. We can measure
the pore size of ceramics without destroying the structure by cutting or polishing for

microscopy techniques.

Scanning refractometry visualizes the projection of fibre nanomete: debonding at 20 um
spatial resolution. It performs an additional sensitivity to fibre orientation and has
tumed out to be an effective tool for determining interfaces in composites. Mean values
of the fraction of debonded fibres are measured to 1% precision within a second. This
is much more precise and faster than any mechanical testing could be, a desirable
situation when processing is to be optimised or delicate components have to be
evaluated. The method requires a (commercial) small angle x-ray camera, a standard
fine structure x-ray generator, X-ray detector and computerized manipulator. X-ray
refraction can be understood by analogy to the vell known refraction of visible light

which is governed by Snell's law. It has not been exploited so far in material science.

Scanning a sample in the X-ray beam and detecting the refracted intensities for each
position under a fixed scattering angle of typically one minute of arc provides the data
for a two-dimensional computer image of the inner surface distribution. The high
scattering intensities provide the possibility of high scanning speed and imaging within
several minutes. E.:amples of analytical investigations and nondestructive inspections by
scanning will be presented. Applications to various heterogeneous materials including
CMC, HT superconductors, monolithic ceramics, injection moulding composites,
ferrofluids, video tapes, filters, paper, x-ray films and pigments were successful.

112




Precision determination of lattice constants and
Poisson ratios in the system AlAs - GaAs

N. Herres!, A, Dommann2, M. Krieger3, H. Sigg3, K. Bachem!, K. Kéhler!
1 Fraunhofer-institut {ir Angewandte Festkdrperphysik, D-79108 Freiburg
2 Neu-Technikum Buchs, CH-9470 Buchs

3 Paul Scherrer Institut, CH-8048 Zrich

Using Vegard's rule to calculate compositions from X-ray results, knowledge of the
elastic constants and the lattice parameter of AlAs are prerequisite to accurate
evaluations. In order to resolve discrepancies in the literature we performed X-ray
diffraction and Brilllouin scattering experiments on a series of Al,Gay.,As films. These
films with nominal Aluminum compositions of 20%, 40%, 70% and 100% and thick-
nesses between 1 um and 10 um have been grown on 3-inch GaAs(001) wafers by
MOCVD and MBE.

Brilllouin scattering was performed with a plane tandem triple-pass Fabry-Perot inter-
ferometer modified to operate in the near infrared where the low optical absorption
allows to measure bulk properties. Using three different light-scattering geometries it
was possible to cobtain all three elastic constants for each sample and therefore
determine the Poisson ratios to a high precision,

X-ray diffraction measurements were performed using a high resclution diffractometer
equipped with accurate angle reading (<1") and a full circle Eulerian craddle. The
measurement procedure is based on the Bond technique, it comprises measurements
within several angular ranges belonging to reflections of one crystallographic zone.
Since the zone axis is set closely parallel to the Q-axis prior to the measurements, no
readjustment of the sample orientation is required, when moving from one reflection
range to the next within a given zone. For each sample several zones have been
measured. Care has been taken to minimize known sources of systematic errors
(wavelength calibration, temperature stability, refraction corrections). Using symmatric
(004, 006) and asymmetric (115, 224, 206) reflections the tetragonal metrices of
elastically strained GaAs substrates and AlGaAs films have been determined with good
accuracy.

We will present a new fundamental equation relating X-ray data (peak splitting) to
composition, compare our results with literature data, discuss sources of error and
detail accuracies when performing routine X-ray diffractometry of Al,Gay_,As films on
GaAs(001) substrates.
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SIMULATION OF X-RAY SECTION TOPOGRAPH IMAGES OF OXYGEN
PRECIPITATES IN SILICON

A.J Holland* and B. K. Tanner

Department of Physics, University of Durham, South Road, Durham,

DHI 3LE, UK. _ )
* Now at Dareshury Laboratory, Daresbhury, Warrington, WA4 440D, UK.

As a result of heat treatment during the various processing stages before and during
device fabrication, oxygen may precipitate out in otherwise highly perfect silicon
crystals. Characterisation and control of the distribution of these defects is of major
interest within the semiconductor industry. X-ray section topography is a highly
appropriate method {or the non-destructive characterisation of such defects and by use
of simulation techniques based on the solution of Takagi's cquations, the local strain
can be determined by matching simulated and experimental images.

We have extended our previous studies of the contrast of spherical defects by
incorporation of the effect of surface relaxation. Th~ critical distance from the surface
at which these effects become insignificant varies s /n C, where C is the deformation
parameter in a strain field of the form u(r) = {C/r2}r.

During the process of intrinsic gettering, a high density of precipitates is produced in
the centre of a silicon wafer with defect-free regions extending typically 30 um from
the surfaces, into which devices are fabricated. Section topography has proved to be a
very successful technique for non-destructive monitoring of the depth of these denuded
zones. In experimental section topographs, defect images often appear in parts of the
topograph apparently associated with the denuded zone. However, variable
wavelength double axis topography failed to detect such denuded zone defects [1]. We
have simulated 1 nages produced by a random distribution of precipitates in the central
region only and find good correspondence with experiment. This includes the presence
of images in the margins of the topograph. Simulations have been undertaken to
determine the defect density at which individual precipitate images can be resolved. As
with the surface relaxation condition, the minimum distance at which two precipitates
can be individually resolved varies as /n C.

[1] P ) Halfpenny, G S Green and B K Tanner, ] Phys D 26 (1993) A65-68




HIGH RESOLUTION X-RAY TOPOGRAPHY STUDY OF PERIODICALLY
DOMAIN-INVERTED NONLINEAR OPTICAL CRYSTALS

Z.W. HU'2 | P.A. Thomas', and A.M. Glazer?
IDeparrmem of Physics, University of Warwick, Coventry, CV4 7AL, UK
2Clarendon Laboratory, University of Oxford, Parks Road, Oxford, OXI 3PU, UK

Quasi-phase matched second-harmonic generation based on periodically domain-inverted
structures has received great attention for novel applications due to the high nonlinear
conversion efficiency and the possibility of phase matching arbitrary wavelengths.
Techniques to fabricate periodic domain inversion in LiNbO3, LiTa0O3, and KTiOPQy, such
as proton or ion exchange, electric field poling, and clectron lithography, have been
developed rapidly. However, it seems that the periodically-poled domain structures fabricated
thus far have not been well understood. This lack of fundamental understanding will probably
affect adversely the development of reliable and reproducible periodic-poling techniques.
Therefore, the establishment of a structural and microstructural understanding of periodic-

poling of domains is seen to be of considerable importance and interest.

Using a PHILIPS X-ray diffractometer, we have applied high resolution X-ray diffraction
topography combined with reciprocal space mapping for assessment of periodic domain
inversion in LiNbO; and KTiOPO, crystals. In particular, X-ray reflections, which are
highly sensitive to anomalous scattering and strain, respectively, are employed for mapping
out the periodically alternating domains and domain walls. Some interesting results will be

presented and discussed,
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MICROFCCUS DOUBLE CRYSTAL X-RAY DIFFRACTOMETRY
ON III/'V-HETEROSTRUCTURES GROWN BY SELECTIVE AREA EPITAXY

A. Iberl, M. Schuster, H. Gobel, B. Baur, R. Matz
A. Snigirev*, I, Snigireva*, A, Freund*, B. Lengeler*
H. Heinecke**
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Monolithic Bragg-Fresnel X-ray optics enable a monochromatization and simultaneous
focusing of the highly collimated synchrotron radiation beam to a focus of micrometer
dimension. In a double crystal arrangement rocking curves can be scanned with this high
spatial resolution which allows a detailed study of patterned heteroepitaxial structures.

Our microfocus X-ray diffraction measurements were carried out at the optics beamline
of the ESRF using a microfocus double crystal diffractometer in (+n, -m) setting
consisting of a Si(111) Bragg-Fresnel lens and the InP(001) based sample. The Si(111)
Bragg reflection was set to select 11.6 keV photons from the white X-ray radiation
provided by a bending magnet. Perpendicular to the dispersion plane of the Bragg
reflection, the cylinder-lens-type Fresnel optics focuses a 100 um wide beam of 11.6 keV
photons to a line focus of 2 pm width. The alignment of the sample pattern relative to
the X-ray line focus was performed in this geometry by X-ray topography showing
simultaneously the pattern of the sample and the position of the line focus.

With this setup III/V-heterostructures grown by different selective area epitaxy
techniques (planar and embedded selective area MOVPE and MOMBE) were
investigated. The samples were test structures of InGaAs and InGaAsP layers grown on
an InP(001) substrate that was partially masked with SiO, fields and laser/waveguide
devices lateraily integrated on an InP(001) wafer. In order to determine the lattice
mismatch close to the boundaries of the layer/oxide and the laser/waveguide boundary,
rocking curve scans with micrometer step width were performed. The lattice distortions
of the 11l/V-heterostructures show changes at the boundaries in the range of 5 um to 100
um depending on the selected process.
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OBSERVATION OF THE PHASE CONTRAST FROM NON-CRYSTALLINE
OBJECTS IN THE PLANE WAVE X-RAY TOPOGRAPHY SCHEME.,

V.N.Ingal, E.A.Beliaevskaya
X-ray Laboratory, St.Petersburg, Russia.

The plane wave scheme (n,-n) is used for observation and investigation of micro
defects in almost perfect monocrystuls. The contrast from the: - defects may be described in
terms of the interference between a spherical wave produced by a crystal defect with a
primary plane wave [1]. In our plane wave experiments we found that any perturbations had
contributed into an incident wave also become visible ufter diffraction of said wave in a
perfect crystal. This phenomenon was discovered in 1987 when not only ordinary contiast
of crystal defects was registered but also some additional contrast due to textile or paper
envelope in which the crystal under test had been deposited (2], see Fig. |

— . The absorption of MoKy
radiation in these envelopes was so

e 1 1 1
Monochromator small that it could not explain high

Primary beam contrast images on a photo-plate. It

also was stated that the rocking curve
(RC) became wider afier the object

Object deposition into an incident beam. The
last crystal in this new scheme
Analyser became the crystal-analyzer (CA).

The systematic investigations of
polymer and biological objects,
brought into the double- and triple
crystal schemes, discovered the

following main features:
Fig.1. X-ray scheme of PDI method.

« the inner structure of the object is registered;

o the image contrast exists only if CA is within its RC. Only the absorption contrast
exists out of the RC;

the image contrast in transmitted and diffracted beams is almost supplementary;

the image contrast depends on the CA tie point position;

the image contrast depended on the plane wave coherence length;

the image contrast was registered only for objects sufficiently transparent for radiation
had used.

The wedge shaped monocrystal was used as CA to investigate the nature of
phenomenon. The changes in pendelloesung contrast confirmed that plane wave phase
perturbations are the reason of new image. So the new contrast was named the phase-
dispersion contrast and the method of structure investigation - the phase dispersion
introscopy (PDI).

I. V.L.Indenbom, V.M.Kaganer. phys.stat.sol., 1985, v.87a, p.253.
2. Russion application N 4934958 of May 14 1991.
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THE DIFFRACTED BEAM PENDELLOSUNG INDUCED BY
ULTRASOUND AT THE DEFORMED SHLIC ON SINGLE
CRYSTAL

E. M lolin, I, A\ Raitman
Insutute of Physical ifneipettes. Latvian - Academy of
Scienees, 21 Awzkraukles sy Riga. 1LV-1006, Lavia

The classical PendellSsuny, in perfect smgle cryshals was studied by many authors.
The preture of  Pendelldsung s very sensibive in respect of the value B of
inhomogeneous deformation in the crystal {1 A high-frequency  acoustic wave
(AWY induces transitions between the sheets of a dispersion surface (178). The
AW violates adiabatic motion of the representative point on the sheets ol the DS
and swrongly decreases imtensity 1 of the diffracted beam |2) for smeall AW amplitude
W at the deformed crvsial. A new PendellSsung induced by the AW at the
deformed crystal was predicted recently [3]. This "Deformational  Pendellosung”
(1OP) is excited by interference between different paths of the representative point at
the 1>S . The first path is an adiabatic motion from point ) 1o 4 at the same sheet of
the DS, the second path is absorption of the AW phonon at point 1, an inelastic
transition 1o point 2 at another sheet of the DS, adiabatic motion along this
other 1S sheet up to point 3, emission of the AW phonons and transition to
point 4. Therefore the decreasing of intensity Al of the diffracted beam has the
form (H-vector of seatlering)

A2 -2R(1-R)| T-cos®@], - 1/B, Rx exp|-(HW)2/B .

We studied the  effects  of the ransversal AW at  the symmetnical  Lauoe
diffraction at the deformed silicon single crystal plate for the case of X-ray
(MoK, radiation, (440),0660)(880) reflections) and  ncutron (A 0.101 nn,
(220)) scattering. We observed the dependence @ ~ 113, The period of these
oscillations is in the pood agreement with theory (especially for the case of neutron
experiments). It 1s pointed out also that a such "Deformational Pendellosung" must
be observed as well tor the case of the Bragg geometry at a thick crystal. Application
of the DP for the case of X-rav and neutron wopography is also discuysed,

1 M Hart.Z. Phys 189,269 (1966).

Y E.Mjolin et all. Zh.Eksp. Teor bz, 94, 218 (1988).
3 E.Mdohin Preprint LAFI-102, Inst Phvs. Acad.Sei, Latv. SSR (1987,
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THE INFLUENCE OF THE HIGH FREQUENCY
ULTRASOUND ON THE PARAMETERS OF DOUBLE-
CRYSTAL SPECTROMETERS

E.Iolin, E.Raitman, V.Gavrilov, B.Kuvaldin, L.Rusevich 1 ,
Ju.Alexandrov, E.Galinskii, V.Ermakov, A.LaskarevZ ,
M.Vrana, P.Mikula, P.Lukas, L.Sedlakova3

1) Inst. Physical Energetics, Riga, LV-1006, Latvia

2) LNF,JINR, 141980 Dubna, Russia

3) Nuclear Physics Inst., 25068 Rez near Prague,Czechia

The reasonable combination of high resolution with acceptable intensity 1 of the
diffracted radiations is the one of the problems of double crystals (1DC)
spectrometers vsing (especially for the case of neutrons diffraction). Recently 1] it
was proposed that the high frequency acoustic waves (AW) excitations with the
same frequencies and similar amplitudies W in both crystals- monochromator and
analyzer-lead to the serious simultaneous improvement of the angular resolution and
peak intensity.The mechanism of effect: X-ray or neutron absorbed N»>1 AW

phonons in monochromator and resonantly emitted the same N AW phonons in

analyzer. Therefore we studied the effects of the AW on the parameters of DC
neutron spectrometers. The experiments concerning AW excitation in one crystal-
analyser-were realized in Rez. We used X spectrometer in symmetrical Bragg
(monochromator)- Laue (analyzer) geometry. The thick silicon single crystal plates
(T=5.0mm) were used. Wave-length of neutrons A=0.177 nm, reflection (1,1,1), the
angular step - 0.02 sec. The transversal AW frequecy of v=26.8 MHz propagated
in plane of scattering perpendicular to the vector of scattering. Without the AW
FWHM of the rocking curve (RC) 2A®,, =1.94 sec, that is in agreement with theory.
The AW excitations transform the Lorentz form of the RC to (auss, increase
FWHM 1.63 times and an area of RC 2,37 tumes. These results are descnbed by
theory. The peak of the intensity T of the RC amrives to saturation and increases 1.65
times, that is don't exceed the theoretical limit 1.7 for the DC Bragg-Laue geometry.
The experiments using simultaneously AW excitation in both crystal (Bragg-Bragg
geometry) were realized at the DC DIFRAN at the impulse reactor IBR-2.The
silicon  single crystal plates (T'=6.0mm) were used.The transversal AW v=:26.5
MHz and v-26.8 MHz (1,3 and 5 harmonics) were excited by LINX)3 converter
and propagated perpendicular 1o the plane of scattering. In all cases the intensities 1
growth and RC narrowing were observed. For example, at the v=26.75 MHz
intensities gain was 9.3 time and FWHM decreased from 3.4 sec without AW to
the 2.3 sec when AW was tumed on. The background-to-peak relation increased 2
times. Some details of these very strong AW effects arc not comletely understand.
Their interpretation is discussed.

1.E.Iolin, Pis'ma Zh Techn Fiz 18, 52 (1989).
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EVALUATION OF INTERFACE ROUGHNESS BY
GRAZING INCIDENCE X-RAY DIFFRACTION

B. Jenichen!, H. Rhan?, S. Stepanov3, M. Ohler3, R. Kohler?

[ Pawl-Drude-Insting, Hausvogteiplatz 5-7, D-10117 Berlin, Germany

2LMU Miinchen, Sektion Physik, Geschwister-Scholl-Platz 1,
D-80539 Miinchen, Germuany

IMax-Planck-AG ‘Rontgenbeugung " an der Humboldt-Universitdit,
Hausvogteiplatz 5-7, D-10117 Berlin, Germany

AlAs/GaAs superlattice structures grown by molecular beam epitaxy were investi-
gated by prazing incidence X-ray diffraction (GID). The surface orientation of the
samples was near (Q01) with different values of miscut up to 3 degrees that produced
different roughness of interfaces in superlattices. The triple axis diffractometer (1] at the
beamline D4 of HASYLAB with a germanium (111) monochromator was used at a
wavelength of 0.1336 nm. Rodscans of 220,220,200 and 200 reflections for different
values of the angle of incidence were measured.

For exil angles larger then the critical angle the curves show a large number of su-
perstructure peaks. These correspond well to the layer periodicity of the multi quantum
well structures, The experimental results are compared to the corresponding dynamical
computer simulation including surface and interface roughness [2].  From  the
caleulated curves corresponding best to the experimental ones an interface roughness

up to 2.3 nm is determined. The roughness values obtained depend on the orientation of

the diffracting planes to the direction of the maximal miscut.
The results obtained are compared to the results of topography, high resolution
diffractometry, reflectivity measurements and measurements of diffuse scattering on the

same samples.
[1]J. Als-Nielsen, page 181 in "Structure and Dynamics of Surfaces’, vol, 2,

Eds. W. Schommers and P. von Blanckhagen, Springer 1987
[2] S.A. Stepanov, R. Kohler, submitted for publication in J. Appl. Phys.
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CURVABLE COLLIMATOR TOPOGRAPHY USING THE SYNCHROTRON
SOURCE

B. Jenichen!, T. Wroblewski?2, R. Kohler?

LPaud-Drude-Instinn, Hausvogteiplatz 5-7, D-10117 Berlin, Gernany
SHASYLAB am DESY, Notkestr.85, D-22603 Hamburg, Germany
IMax-Planck-AG "Rintgenbeugung * an der Humboldt-Universitit,

Hausvogreiplatz 5-7, 10117 Berlin, Germany

The principle of the double crystal technique with curvable monochromator-collimator
(MO erystal [1.2] is applied using synchrotron radiation. In this technigue the curvature
ol the MC crystal is adapted to the sample curvature during the experiment obtaining
large arca double erystal topographs (compare 3] for lat MC erystaly. This technique
is well suited for the investigation ol homogencously bent samples like heteroepitaxial
layer systems, especially when it iy applied in reflection geometry. It is shown to have
the full sensitivity of the double crystal technique for topography allowing for very short
cxposure limes. Topographs obtiined using adapted MC crystal curvature iare
compared with those using a plane crystal. ‘The suitubly curved MC crystal refiects the
wave corresponding to the local Bragg condition in the sample by selecting appropriate
wavelengths resulting in the increase of the sample arca investigated.

Ay an example tor a typical heteroepitaxial system a distributed Bragg reflector (DBR)
structure of twenty pairs of AlAs (81nm) and GaAs (65nm) on a GaAs substrate is
investigated (compare {4.5)). The diffractometer curve of this structure has a large
number of superstructure diffraction peaks. The defect contrasts in satellite reflection
topographs differ from those in the corresponding substrate reflection topograph.

The effects  of  additional  monochromatization by o silicon  double  crystal
monochromator are studied. The level of radiation background is reduced considerably.
Topographs of the same arca of the sample are compared with and without additional
monochromatization. While the contrasts of the defects stay more or less the same, it is
more difficull to obtin homogencous  large  area topographs  with  additional
monochromatization. The limits of the radius of MC crystal curvature (5m concave, 8m
convex)are estimated.

{11 B, Jenichen, R. Kohler, and W. Mdahling, phys. stat. sol. (a) 89(1985)79

121 B. Jenichen, R. Kohler, and W. Mihling. J. Phys. E, 21(1988) 1062

[3] P. Riglet, M. Sauvage, 1.F. Petrolt, and Y. Epelboin, Phil. Mag. A42(1980)339

(4] B. Jenichen, R, Kohler, R, Hey, and M. Horicke in MRS Symp. Proc. 240(1992)159
{5] B. Jenichen, R, Kohler, R, Hey, and M. Horicke, J. Appl. Phys. 73(1993)2220
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A HRD INTERACE STUDY IN THE WSi/Si AND OBLIQUELY DEPOSITED
W/Si MULTILAYERS

M.Jergel, E.Majkovi, S.Luby, R.Senderik, /nstitute of Physics, Slovak Acadenmy of
Sciences, Diubravska cesta 9, 842 28 Bratislava, Slovakia

V.Holy, Department of Solid State Physics, Faculty of Science, Masaryk University,
Kotlafska 2, 611 37 Brno, Czech Republic

W/Si multilayers (MLs) are used as artificial X-UV mirrors. The interfaces play a
decisive role to achieve the maximum reflectivity. The oblique deposition is a possibility

to get smoother interfaces due to the increase of sideway motion and surface migration -

of the deposited atoms. The resistance against the interdiffusion and mixing at the
interfaces can be increased by deposition of a WSi mixture instead of pure W. This can
lead to an enhanced thermal stability and to smoother interfaces in the as-deposited
state,

We applied the X-ray reflect’ itv and diffuse scattering measurements to study these
possibilities. The measurermrnts were done with CuK¢, radiation on the STOE high-

resolution diffractometer with the two-crystal +/- GaAs monochromator working at 400
reflection and cut under 3° with respect to the (100) plane. The samples were prepared
by e-beam evaporation onto the Si (100) wafers. The angles a=0°, 38°, and 47° with
respect to the surface normal (labelled as A,B,C) were used for the oblique deposition,
The sample A was prepared as 10x(2.13nmW/12.77nmSi) starting with W and the ML
periods A of B, C were reduced according to coso as deduced from the simulation of
the specular scans by the Fresnel optical computational code. The rms values of the
interface roughness o supposing the Gaussian distribution were 0.95nm, Inm, 1.1nm for
A,B,C, respectively. The intensity distribution in the reciprocal space was traced both by
the w-scans (the detector fixed) and 20-ones (the sample fixed). The streaks around the
Bragg points due to the correlated roughness were found for A and partially for B while
they are almost absent for C. The scans were simulated within the DWBA
approximation [1] taking the A and ¢ values from the specular simulations. Supposing
the Gaussian height-height correlation function, i.e. 2D fractal character of the
interfaces, the lateral correlation lengths £=24nm and 2.5nm were found for A
considering the maximum correlation and for C considering the full loss of the
correlation, respectively. The intermediate case B could not be simulated by the Spiller's
model of the partially correlated roughness, where § increases with decreasing
roughness correlation, which obviously is not our case.

The MLs (W, Si\/Si)10x with dyg;/dg;=0.55 and x=0 (A=8.3nm), x=0.375 (A
=7.6nm), and x=0.67 (A=8.7nm) were prepared starting with WSi and analyzed as
described above. There was no change of 6=0.6nm with x. Contrarily, £=120nm for
x=0 decreased to E=80nm for x=0.375 supposing the uncorrelated case. This tendency
seemed to continue for x=0.67, however, neither both extreme cases of the roughness
correlation nor the Spiller's model gave satisfactory simulation results.

(1] Holy,V. and Baumbach,T.: Non-specular x-ray reflection from rough multilayers, to
be published in Phys.Rev.B 49 (April 15,1994)
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THE DIFFRACTION LINE PROFILES OF MESOPHASES.
SMECTIC AND HEXATIC ORDERING

V.M.Kaganer and B.O.Ostrovskii

Institute of Crystallography, Russian Academy of Sciences, Moscow, Russia
W.H. de Jeu

FOM—Institute for Atomic and Molecular Physics, Amsterdam, The Netherlands
I.R.Peterson

Institule of Physical Chemistry, Mainz University, Mainz, Germany

There exists a wide range of intermediate phases (mesophases) between liquid
and crystalline states, with order varying from that of an anisotropic liquid to that
of an orientationally disordered crystal. There exists also an intermediate phase
between the two-dimensional liquid and the two dimensional solid - - the hexatic
phase, which possesses discrete symmetry with respect to rotations and reflections,
like a crystal, but continuous translational symmetry. The peaks in the diffraction
patterns of mesophases differ both from the delta-functions of crystals and the broad
peaks due to short-range order of liquids, The shape of mesomorphous diffraction
peaks is an essential feature providing information on their ordering.

Smectic order is one-dimensional translational order in a three-dimensional sys-
tem. It is destroyed by thermal fluctuations of long wavelength and cannot exist in
an infinite sample. In a finite sample, the strong thermal fluctuations cause intense
x-ray scattering. Peak profiles of power law form, with a temperature-dependent in-
dex, were predicted theoretically and observed experimentally. However, the peaks
are observed to be asymmetric, with the index considerably different from the pre-
dictions for an ideal smectic. We have shown that the results of various experiments
on monotneric, polymeric, and lyotropic smectics can be explained naturally in terms
of the real structure of the smectic, in which the mosaicity of the sample, misori-
entation and the finite sizes of the blocks are taken into consideration. An angular
misorientation of only a few degrees of are, which is quite small for a liquid crystal,
has a considerable influence on the apparent index. A universal relationship between
mosaicity and the index is found. The asymmetry of the diffraction peaks can also
be explained as an average over misoriented blocks of the sample. lts tempera-
ture dependence is derived. The broadening of the x-ray peak due to distributed
dislocatious is deseribed.

The structure factor is calculated for the original model of the hexatic phase by
Nelson and Halperin, in which a two-dimensional crystal contains a gas of interact-
ing dislocations. It is shown that the diffraction peaks are anisotropic Gaussians.
The ratio of the longitudinal to the transverse peak widths depends on the sample
size and decreases considerably when the dislocations interact. X-ray and electron
diffraction experiments are explained without any phenomenological parameter.

The profiles of the diffraction peaks of mesophases with layer (smectic) and in-
layer (hexatic) ordering are thus explained in terms of dislocations, their interaction,
size and misorientation of the domains. The calculated peak profiles explain a wide
range of various diffraction experiments,
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DIFFRACTOMETRIC STUDIES OF ANOMALOUS
TRANSMISSION OF X-RAYS IN SIX-BEAM LAUE DIFFRACTION

A.Yu.Kazimirov , M.V.Kovalchuk®, V.G.Kohn . S.Kikuta .
'l‘.lshikawa"'

(*) Institute of Crystallography, Academy of Sciences, Moscow 117333, Russia
(**) Russian Research Center "Kurchatov Instinute”. Moscow 123182, Russia
(***) University of Tokyo, Bankyo-ku, Tokyo 113, Japan

An anomalous transmission of X-rays through a thick absorbing crystal is
one of the tundamental phenomena of X-ray dynamical diffraction. The
physical reason for this effect is the excitation of the standing-wave fields
with intensity close to zero at the reflection planes. The structure of the
standing-wave fields under conditions of multiple diffraction offers new
possibilities for further reduction of interaction of X-rays with atoms and
enhancement of anomalous transmission.

The most interesting configuration is the six-beam Laue diffraction case
in which the minimum absorption coefficient is limited only by the Compton
scattering. So far this effect have been studied experimentally mainly by the
topographic  methods. However, optical effects of X-ray spherical wave
diffraction make observation and measuring of anomalous transmission nearly
impossible.

The main experimental problem of direct diffractometric measurements
of six-beam anomalous transmission is a high angular collimation of incident
X-ray beam both in vertical and horizontal directions. In our experiments
performed at the Photon Factory we used a new mcthod of collimation based
on the six-beam anomalous-transmission phenomenon itself. The enhancement
of the anomalous transmission effect (in 3.3 times for gt=12) in comparison
with the (220) two-beam diffraction has been observed for the first time in a
direct diffractometric measurements.

Besides the fundamental interest the six-beam anomalous transmission
may have important applications in X-ray optics. The six-beam collimator can
be successfully used for two-dimensional angular collimation of X-ray beams
in different diffraction experiments (three-beam multiple scattering, X-ray
standing waves, total external reflection and others).
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HIGH RESOLUTION X-RAY DIFFRACTION ANALYSIS OF ELASTIC
LATTICE DISTORTIONS ASSOCIATED WITH SURFACE RIPPLING IN SiGe
EPILAYERS

AM Keir. 81 Barnett. D) Robbins. AJ Pidduck. AG Cullis
NDRA Malvern. St Andrews Road, Malvern, Wores, WR14 3PS, UK

Under certain conditions the surface of SiGe strained epilayers adopts a rippled
morphology which is accompanied by an clastic deformation in addition to that of a
smooth tetragonally distorted epilayer. We have applied diffraction space mapping to
measure the nature and magnitude of these lattice distortions in a series of Siy (Ge,
strained layers grown on St by low pressure VPE. We show that the elastic distortions
accompanying the periodie rippled surfuce morphology lower the clastic energy of the
epilayer in accordance with theoretical modclling”'.

Atomic Force Microscopy and Transmission Lilectron Microscopy of the rippled SiGe
surfaces reveal the existence of two sets of ripples cach lying in one of the two <100>
directions in the (001) epilayer surface!™ " A mosaic pattern ol these ripples is observed
on the epilayer surtice. The symmetry of the ripple pattern allows X-Ray diffraction
measurements to be performed in order to measure the specifie clastic distortions
associated with the ripple structure. In addition triple axis diffractometry permits the
clastic distortions 1o be resolved into their lattice dilation and lattice tilt components,
Recent measurements are presented which demonstrate that there is broad agreement
between TEM measurements of the elastic distortions of {100} lattice planes normal to
the epilayer surface and those of the (004) lattice planes measured using diffraction
space mapping.

| RJ Asaro ¢t al, Metallurgical Trans. 3 (1972) 1789
2. AG Cullis et al, J. Cryst. Growth 123 (1992) 333
3 AJ Pidduck etal, Inst. of Phys, Cont. Series No 134 (1993) 609
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DEFECT STRUCTURE INVESTIGATION OF SLIGHTLY
IMPERFECT Si CRYSTALS BY MEANS OF
X-RAY-ACOUSTIC METHOD

V.l.Khrupa, D.O.Grigor'ev, L.I.Datsenko and V.F.Machulin

Institute of Semiconductor Physics of the Ukrainian Academy of
Science, Kiev, pr.Nauki 45, 252028, Ukraine

The X-ray-acoustic method for determining of the structure
verfection integral characteristics is suggested for slightly imperfect
dislocation-free Si crystals with localized (micro) and distributed (macro)
distortions.The method is based on the analysis of dependence of the distance
Ax between two minima, arising in the spatial intensity profile I(x) of
the X-ray beam diffracted by acousiicaliy excited crystal [1,2], upon
ultrasound frequency vg as well as of it's integrated reflectivity R; . Using
the data Ax(vg) for two selected reflections we have calculated the ~xtinction
lengths A (Table),

Sample Si Fz. Si Cz
Reflection 220 440 220 440
A, pm 36.54 54.27 36.5 53.62

which enabled us to identify the predominate type of structure
disturbances for test crystals as well as to estimate the static Debyc-Waller
factors e-L for sample with microdistortions. These data also made it possible
to estimate L and the period of the main macrodeformation A p, for
sampic containing simultaneously microdefects and periodic macrodistortions.
Further analysis of the R; values in framework of the dynamical theory
developed for homogeneously distributed defects [3] provided us possibility
for determination of the characteristic size I and concentration n of
microdefects [4].This technique is shown to improve the obtained
information quality and diffraction data reliability. Such approach has been
used for studying the structure perfection of Czochralski-grown (Cz) (Ljgg
=1,9¢10-3, Lgq4p =7,6#10-3, A, =200 um) and Float-zone (Fz) (Lo
=1,1#10-3, Lggp =4.3#10-3, r=1,. um, n=2,9«101! m-3 ) silicon crystals.
Refercnces
. LR.Entin (1978), Phys.stat.sol.(b), 90, 2, 575-584.
2. LR.Entin, V.I.Khrupa, O.V.Petrosyan, (1992) Phys.stat.sol.(a),
127. 2, 321-326.
3. L.I.Datsenko,V.B.Molodkin,M.E.Osinovskii, Dynamical scattering of
X-rays by real crystals,Kiev 1988 (monograph).
4. V.F.Machulin, V.1.Khrupa (1993), Metallofizika, 15, 9, 3-25.
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THE DISTRIBUTION ¢ 7 STRAIN AND TILT IN GRADED BUFFER LAYERS

P Kidd

Department of Materials Science and Engineering, University of Surrey, Guildford GU2 5XH,
U.K.

P F Fewster, N L Andrew

Philips Research Laboratories, Cross-Oak Lane, Redhill, RHI SHA, U.K.

A Sacedon, E Calleja

Dept. Ingenieria Electrénica, E.T.S.1.T., U.P.M., Ciudad Universitaria sn, Madrid 28040,
Spain

In buffer layer technology, in addition to measurement of layer composition and relaxation,
it is necessary to find a method for quantification of the crystalline quality of the relaxed
buffer layers. The technique of high resolution reciprocal space mapping is ideal for this
purpose, as it can reveal details of the layer unit cell dimensions and the distributions of tilts
and mosaic spread. We investigate the relaxation behaviour of two graded layer structures
comprising InGaAs layers grown by MBE on (001) oriented GaAs substrates. Both structures
have a linear graded buffer layer of InGa, ., As with x increasing from 0 to 0.3 over lum.
One of the samples has a capping layer with thickness 300nm and composition x-=0.21. By
studying the shape and distribution of the diffuse scatter around the layer Bragg peaks for the
004 and 115 Bragg reflections we are able to quantify the range of lattice parameters and tilts
in the layers. Figure 1 below shows a typical reciprocal space map around the 004 Bragg
peak for the capped sample, illustrating the measurable parameters.

ql
A MICROSCOPIC

GRADE CAP GRADE SUBSTRATE

Fig 1 Reciprocal Space Map with grey scale indicating log (intensity) for the 004 Bragg
reflection from a | pum thick InGaAs graded buffer layer with an InGaAs constant
composition capping layer, grown by MBE on an (001) oriented GaAs substrate.
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DOUBLE-PLANE COLLIMATION OF X-RAYS
FOR HIGH-RESOLUTION EXPERIMENTS

E.A.Kondrashkina', D.V.Novikov‘, and S.A.Stepanov'

YMPG-AG T Rontgenbcugung”, Hauseogltaplat= 5-7. D-10117 Berlon, Gormany
(On deave of: Institute for Nuclear Problems, SU-220050 Minsk, Belarus)
FUASYLAB al DIPSY, Nothoste. 835, 1-2200.0 Hamburg, Cermany

The majority of collimating svstetns in X-ray optics provide precise angular colli-
mation of X-rays in one plane only, This collimation produced by Bragg reflections
from single ervstals can be as tine as 80 ~ 1077 — 107 seconds of are. The angalar
divergence of Novavs in the other plne is usnally formed by shitsg pinholes or N Coray
mirrors and s nol hetter in most cases than 2= 10° = 107 seconds of are. Tha
suits well for most experiments, However, some new X-ray diffraction geometries
extensively nsed inrecent years (grazing incidence diffraction, mualtiple ditfraction,
extremely asvinmetric diffraction, ete.) require the incident beam he cotlimated in
both muatually perpendicular planes with an acenracy not worse than 2 | second
of are. Moreover, the high monochromatization of X-rays must he provided as well
hecause the dispersion is usually not compensated in these geometries,

In the present report, theee possible wavs of Xoray double-plane collimation are
discnssed:

Lo With 3 successive Bragg monochromators arranged in two planes {1,
2. With 6-beam Boremann effeet [23).
3. With Renninger effect [1.5).

The collimation based on the Renninger effect is shown to be most advantageons.
The experimental study of the double-plane collimation produced by the Bragg: case
Renninger elieet is carried oat. The data are compared with theoretical calenlations
based on three wave dvnamical diffraction theory, The analysis inchides also a
detailed consideration of dispersion effects.

Then, the effeers of asvinmetry and of different conthinations of primaey and
A A } A

secondary planes on double-plane collimation parameters are studied by means of

cotnputer simulations, It is shown that the most effective collimator can he based on
the Laue case Renninger eifect. Such o collimator is able to combine the advantaces
of a Brace case Renninger collimator (using of 3-beam diffraction onlvy and a 6 hean
Borrmann collimator (the absence of fine structure and long tails in the produced
x'l‘}l_\' heam ),

[H] U Bonse, NModlart: Z. Phys, 189 11966) 151,

[2] AV Nazimirov. cfals Photon Factory Aetivity Reports (1997 238,
(3] R.Pahl: CHESS Newsletter - Spring (1991) 342

(1] COLChens SL.Chane: Nael Tnstrum, & Meth, A306 (1491) 581
(3] S.AStepanov, ofal:s Nuel Tostrion. & Meth, A346 385 (1991) 3X5,
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Deposition Controlled Surface Roughness of Thin Gold Films Studied by
X-Ray Reflectivity
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Non-destructive surface and interface characterization is of great interest both in applied
and basic research It is well known that even interfacial regions extending over a few
monolayers can severely degrade device performance [1]. with further miniaturization
the need to control and monitor interface quality in deposited layers will still increase. As
far as basic research is concerned, the growth of thin films recently has received much
attention from theorists [2] and experimemtalists [3] due to the predicted scaling
behaviour of self-affine surfaces and the associated roughness exponents.

For both purposes specular and diffuse x-ray reflectivity under grazing angles was
proved to be a sensitive tool to investigate statistical interface properties like RMS-
roughness in growth direction and lateral correlations [4,5].

We have applied this method to characterize the surface of thin gold films deposited on
silicon substrates. Experimental data were taken with synchrotron radiation at
HASYLAB/DESY on samples grown under identical conditions but to different film
thicknesses between 20 and 500 nm A second series of samples with identical film
thickness was investigated to study the influence of growth rates from 0.03 to | nm/s
on surface roughness

The data have been evaluated by simulation assuming a lateral correlation function of the
type C(r) = o7 exp(-(r-5)*2h) The results are compared to predictions for kinetic
roughening

References

[1] A Forster,) Lange, D Gerthsen, C Dieker and H Luth, J Phys D 27 (1994), 175
[2] J Krug and H Spohn in ‘Solids Far From Equilibrium . Growth, Morphology

and Defects’, Ed C Godreche, Ch. 6, Cambridge University Press (1991)

and references therein.
[3] For example, see C. Thompson, G Palasantzas, Y P Feng, S.K Sinha and J.
[4] S K. Sinha, E.B. Sirota, S Garoff and H B Stanley, Phys. Rev. B 38 (1988), 2297.
[5] W Weber and B Lengeler, Phys Rev. B 4¢6_(1992), 7953
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ANALYSIS OF SURFACES AND LAYERED STRUCTURES
BY X-RAY SCATTERING
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Institute of Physics AS CR, Na Slovance 2, 180 40 Prague,
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A wide variety of x-ray methods are used for investiga-
ting surfaces and thin layers.

Angular dependences of the specular reflectivity provi-
de reliable data about material densities and layer thick-
nesses. The root-mean-square (rms) roughness of surfaces
and interfaces is also frequently deduced from reflectivity
curves. However, detailed scattering theory indicates that
such results can be considerably distorted. Measurement of
the nonspecular scattering yields better information about
rough interfaces (including lateral characteristics and
vertical correlation of individual interface profiles). On
the other hand, this approach requires more sophisticated
experimental equipment and theoretical interpretation.

Recently, new theories of the diffuse x-ray scattering
from surfaces' and layered systemsaa based on the
distorted-wave Born approximation have been developed. By
using these models, a more complex characterization of non-
ideal layered systems is possible. The use of nonspecular
scattering to study surfaces, thin films, and multilayer
structures is demonstrated for several types of samples
namely glass, fused silica, single Al layer and high-
quality Fe/C multilayer with rms roughness 1less than
0.5 nm. The experiment has been carried out using a two-
axis reflectometer and Cuxa radiation produced by a 18-kW
x-ray generator with rotating anode.

{1] s. K. Sinha, E. B. Sirota, S. Garoff, and B, Stanley,
Phys. Rev. B 38, 2297 (1987).

[2] V. Holy, J. Kubéna, 1I. Ohlidal, K. Lischka, and
W. Plotz, Phys. Rev. B 47, 15896 (1993).

[3] M. Kopecky, J. Appl. Phys. (submitted).
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X-RAY MULTIPLE SUCCESSIVE DIFFRACTION
AND BEAM TRACING

D. Korytéar
Insttute  of Electrical Engineering, Slovak Academy of Sciences, Department of
semiconductor technologies, Vrbovska cesta 102, 92101 Piestany, Slovakia

In X-ray topography and high resolution diffractometry, single and multiple crystal
coplanar arrangements are used depending on the required sensitivity, resolution,
intensity. and other parameters. Special beam conditioners consisting usually of two
adjustable grooved crystal blocks [1] are applied to form the X-ray beam by means of
coplanar multiple successive diffraction. Contrarily, non-coplanar successive asymmetric
diffractions (diffractors) have been successfully used to obtain X-ray magnified image [2].

Multiple diffraction is usually studied because of its dynamical effects in multiple
simultaneous diffraction [3]. Conditions for coplanar and non-coplanar multiple successive
diffraction (based on geometrical approach and Bragg equation in vector form) and basic
imaging equations for the beams to pass have bee.. given in [4]. Using the equations, a
monolithic X-ray magnifier integrating two non-coplanar asymmetric diffractors has been
devised and constructed [4]). Similarly, the equations have been used to perform beam
tracing and Monte Carlo simulation of X-ray topographs in single and double crystal (flat
and curved crystals) symmetrical and asymmetrical diffraction with the aim to study the
effect of geometrical parameters on the X-ray topographs.

Our further study of the multiple successive diffraction includes two-becam dynamical
approach to the individual diffractions. The procedure thus takes into account the effect of
refraction and asymmetrical diffractions on the rocking curve position. The effects of
multiple dynamical diffraction have not been considered which means that no information
on the dynamical gain or loss of intensity [3,5] can be obtained from the computations,
About 20 millions of combinations of three crystallographic planes for Si, Ge, and GaAs
crystals, and for the most common X-ray wavelengths have been tested with the aim to
find arrangements suitable for monolithic non-coplanar, near coplanar, and coplanar
devices. In addition to a matching parameter for the diffraction cones of the diffractin
vectors considered. a coplanarity parameter for the incoming and successively diffracted
beams has been evaluated in the rules of choice. In addition, combinations of lower order
diffractions and Bragg angles relatively far from 45 degrees have been given preference in
order to preserve as much intensity as possible in the non-coplanar case.

Based on the computations, a monolithic X-ray magnifier integrating a monochromator
and two asymmetric non-coplanar diffractors has been devised and constructed. Similarly,
a monolithic beam conditioner close to the (-n,n,m.-m) type, with relatively high
coplanarity parameter, has been realized and tested. Its important advantage is that the
incoming and the outcoming beams are nearly parallel.

[1] Bartels W.J.: J.Vac.Sci.Technol. B1 (1983) 2, 338

[2] Boettinger W J., Burdette H.E..Kuriyama M.: Rev.Sci.Instrum.50 (1979 ) 26
[3] Chang S.L.: Multiple Diffraction of X rays in Crystals, Springer, Berlin 1984
[4] Korytar D.: Czech. J. Phys. 40 (1990 ) 512

[5] Pacherova O.: phys.stat.sol. (a) 120 (1990) 339
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Thin SiC films on (111)Si wafers

Thin SiC films with a thickness of 100 - 500nm have been produced on (111)
oriented Si wafers using solid state evaporation. Growth rates of 0.2 - 0.6 pm/h have been
achieved at 750° - 900° C

The X-ray diffraction pattern obtained from a 400nm SiC film (see Figure)
exhibits two typical peaks due to the reflections at the (00.6)-plane of a-SiC or (111)-
plane of B-SiC No other SiC peaks were observed. This implies that the film crystallites
have a preferred growth orientation nearly perpendicular to the plane of the close packed
structures The measured orientation distribution function was characterized to be
Gaussian with FWHM of 2 5°

Currently we are getting additional informations conceming properties and
behaviour of these SiC thin films by using atomic force microscopy and IR-

spectroscopy
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STUDY OF DEFECTS AND ULTRASOUND WAVES IN NEARLY PERFECT HTSC
CRYSTALS OF Npp-yCexCu0g.5 BY NEUTRON AND X-RAY TOPOGRAPHY

V.V.Kvardakov', V.A.Somenkov!, W.Paulus?, A.Cousson?,
G.Heger> and S.Pifiol

) Kurchatov Institute, Moscow 123182, Russia.

) LLB CEN Saclay, 91191 Gif sur Yvette, France

) RWTH, Inst.f.Kristallographie,D-52052 Aachen, Germany.
) ICMBA-CSIC Campus UAB, E-08193 Bellaterra, Spain.

Methods of neutron and X-ray diffraction and topograghy
have been developed for study of defects and acoustic
properties of HTSC crystals.

was established that some nonsuperconducting
Ndz2-xCexCu0a (x=0-0,17) [1-3] and superconducting
Nd1i.85Ceo.15Cu04-y crystals have a very high perfection. As
a result, the dynamical effects: narrow rocking curves
(close to theoretical ones for ideal crystals), Borrmann
effect and Pendellosung oscillations were observed in
neutron and X-ray scattering. The defects (dislocations,
individual small angle boundaries, elastic stresses,
concentralion inhomogeneity) were revealed in the crystals.
The dislocation type and density and Burgers vector
orientation were determined.

The 1nfluence of ultrasound waves on X-ray diffraction
in perfect Ndz-xCexCuQOa crystals (at Borrmann effect
condition) was investigated., It was demonstrated that
ultrasound waves may considerably decrease the intensity.
The systems of periodic gaps were found on frequency
dependence of X-ray intensity and connection of the gaﬁs
with stationary acoustic waves was established. The
stationary acoustic fleld was visualized by X-ray
topography. The acoustic wave amplitude and polarization and
the velocity of longitudinal and transverse sound were
determined from diffraction data.

[t was found that the influence of ultrasound waves on
diffraction intensitY at Borrmann effect condition increases
when the sound wavelength approaches to extinction length.
It was shown that the effect 1s connected with the resonance
interaction of X-ray and acoustic fields and the Borrmann
effect quEression (X-ray acoustic resonance).

Possibilities of ~application of topography and
diffraction met hods or investigation of the
superconductivity are discussed.

1. V.V.Kvardakov, V.A.Somenkov, S.N.Barilo, D.I.Zhigunov.
Superconductivity, 1991, v.4, N7, p.1173. .

2. V.V.Kvardakov, V.A.Somenkov. Superconductivity, 1892,
v.5, N3, p.442. . _

3. V.V.Kvardakov, V. A.Somenkov, S.Sh.Shil’shtein.
Superconductivity, 1992, v.5, N4, p.623.
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DETERMINATION OF STRAINED SUPERLATTICE STRUCTURAL
PARAMETERS.

R.N.ERyutt, S.S5.Ruvimov, M.P.Scheglov, N.N.Faleev.

[offe Fhysical-Technical Institute of the Russian
Academy of Sciencies. Folitekhnicheskayva =6,
St-Fetersburg 1894021, FRussia.

X-ray diffractometry is widely used for a superlat-
tice (3L) structural parameters determination. when SL
are of high guality and match to substrates. This commu-
nication deals with strained 3L contsining the defects
inside the layers. Double and triple axis settings were
utilized. The InGaAs-GaAs 5L on GaAs substrates as well
ag AlYbh-Gasth 3L in GaSb/Gals structures were studied.

Similar tu nearly perfect SL. the period and the
average deformation were obtained from the sstellite po-
sitions in the double crystal rocking curve. We used the
asymmetric Bragg diffraction to extract the in-plain da-
ta, which allowed us to judge about the presence of mis-
it dislocation (MD) networks. As for the individual 1la-
yer thicknesses and strain, they are known to be deter-
mined by using a simulation of the curves. Since the ba-
sic principles of the simuletion in this case still re-
main unclear, we, considering no a general approach,
attempted the simulation according to the following. One
point is that no the relative intensities, bat the in-
tegral reflectivities are compared. Second, there is an
approximation of the lattice tilt by the Gaussian dis-
tribution. After a ftitting of the integral reflectivi-
tes 1s reached, one finds the deformation components as
well as  the thicknesses of SL layers. The use of tilt
approxXimation permits the simulation of the peak shapes.

In order to assess the guality of AlSb-GaSbhb SL la-
yers wWwe applied to them the triple axis scans. It was
concluded that the peak broadenings in the transverse to
the reciprocal lattice vector H direction and those in
the parallel were unvsrisble between the satellites. We
interpreted the both as being due to a high density of
threading dislorations. Examining InGalAs-GaAs SL, we
detected a presence of MD networks in the SL-substrate
interfaces and found that the SL laver planes sloped
from the substrate ones.

All of the extracted parameters were confirmed by
direct TEM observations.




FLUX AND TEMPERATURE DEPENDENCE OF LATTICE EXPANSION IN r
LT GAAS THIN FILMS,

M. Lagadas?, Z. Hatzopoulos3, Ch. LioutasP and M. Calamiotou¢

@ Inst. Electr. Structure & Laser, University of Crete, Heraklion 117 10, Greece ‘
b Physics Dept., Aristotle Universitv of Thessaloniki, Thessaloniki 54006, Greece
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GaAs layers grown at reduced temperatures ( 180 0C < Tpr <300 OC ). the so-
called LT GaAs, have an increased lattice constant in the direction of growth which
is due to excess of As -2, We have shown that this lattice expansion and hence As
excess depends also on the growth flux ratio R=JA¢4/JGa * ' ‘

In order to understand the mechanism responsible for this effect we have
studied the lattice expansion dependence in LT GaAs thin films on growth
temperature for ditferent flux ratios using High Resolution XRD.TEM has been
used for the study of As precipitates «n the samples after annealing at 600 ©C and
the density and diameter of As precipitates will be discussed in connection with the
lattice expansion. Figure | shows the relaxed lattice constant increase of LT GaAs
layers, grown by MBE technique, on flux ratio R for different temperatures. (Aa/a),
increases linearly with respect to R and reaches a saturation value which depends
on temperature. Samples grown by Atomic Layer Epitaxy have lower saturation
values of lattice expansion.

The saturation in (Aa/a); indicates that there is a saturation of adsorption of
excess As in the GaAs lattice which depends on growth temperature. The
dependence of (Aa/a)p on flux ratio and on temperature will be discussed on the
basis of' a model ot As incorporation during growth at low temperature.
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Figure 1 . Relaved lattice expansion (Aa/a) , of Gads at different flux ratios
R=1, 54/1 Ga and different growth temperatures.

I M. Kaminska et al., Appl. Phys. Lett. 54 (19), 1881 (1989)
2 M. Calamiotou ef al., Solid State Comm. 87, 563 (1993)
3 M. Lagadas er al.. MRS Vol.325,(1993). 10 be published {
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HIGH RESOLUTION XRD STUDY OF Al Gaj.4xAs LAYERS GROWN AT
REDUCED TEMPERATURE.

M. Lagadas®, K. Tsagaraki®, Z. Hatzopoulos® and M. Calamiotoub
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AlxGa|_xAs layers grown by MBE at 200°C-3000C contain excess As as
much as 1% ! After annealing at 600 OC they become of high resistivity? (> 10%
Qem)  and they offer good isolation in MESFET's devices. Excess As creates
precipitates with density and size depending on growth temperature and anncaling
procedure.  High crystalline quality and smooth surface in LT layers is nceded in
order o achieve high electron mobility and transconductance in device applications?.

In this work we investigate the crystalline quality, lattice expansion and
surface morphology of Aly ,3Gag 7:As grown by MBE at 2000C- 3000C by High
Resolution XRD and SEM. (1x1) Rheed pattern was observed during growth of 1um
LT AlGaAs. The surface is smooth for Tgr>250 OC and rough for Ty, <250 OC,
The surface roughness is due to decrease in surface mobility and diffusion length of
group HI1 atoms?,

Lattice expansion duc to LT growth was determined from the
difference in the peak splitting A8 of the (004) symmetric Bragg reflection between
as-grown and anncaled LT AlGaAs. Coherent growth of the layers was assumed after
recording the asymmetric (115) rocking curve for low and high angle of incidence.
The lattice expansion decreases as Tgp is increasing due to decrease in excess As
concetration. The dependence of the relaxed lattice expansion (Aa/a)y on growth
temperature will be discussed. We have observed a much lower lattice expansion in
LT AlGaAs layers compared o that of LTGaAs layers grown with identical
conditions. The crystalline quality ot LT AlGaAs cpilayers is very goud as it can be
seen from the presence of thickness tringes in the (004) Bragg reflection rocking
curve.

' M.R. Melloch er al. J. Vac. Sci. Technol. B 11(3), (1993),795
Y. Chueral. J. Cryst, Growth 111, (1991), 26

M. Lagadas er al. J. Cryst. Growth 127, (1993), 76

4 Y.S. Fatt J. Appl. Phys. 73, (1993), 3265
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HIGH-RESOLUTION DIFFRACTION AND X-RAY STANDING WAVE
STUDY OF Si/Ge SUPERLATTICES

S. Lagomarsino, P. Castrucci*, A. Kazimirov** and F, Scarinci
Istituto Elettronica Stato Solido CNR - V. Cineto Romano, 42 00156 - ROMA (laly)
* Univ. Camerino, Dip. Matematica e Fisica - 62032 CAMERINQO (lialy)

** Inst. Cryst. Russian Acad. of Science, MOSCOW (Russia)

SV/Ge superlattices (SL) have recently attracted much interest because of their
optoelectronic properties, which include the possibility to obtain direct optical
transitions (1) and the vast field of intersubband transitions (2). These properties could
open the way to integration of advanced optoelectronic functions with the well
developed Si technology. A key point in order to obtain the required characteristics is
the structural perfection of the SL, such as the thickness uniformity of the individual
layers, the minimization of extended defects and the crystalline quality and abruptness
of the interfaces. X-ray diffraction and X-ray specular reflection can give accurate
structural information about the SL, but as usual only the modulus of the structure
factor can be directly determined with these methods. A direct determination of the
phase can be obtained by applying the X-ray Standing Wave (XSW) technique to these
structures. In XSW measurements from very thin layers the fluorescence from the
overlayer atoms is generally measured in correspondence with the substrate diffraction
peak. However, in the case of SuperLattices, the XSW field generated in the substrate
goes rapidly out of phase with respect to the SL periodicity. We made therefore
experiments and calculations with the XSW field generated in the SL itself, measuring
the Ge fluorescence yield as a function of diffracting angle in correspondence with the
satellite peak of the (004) diffracting planes. From the combined information of the
diffracted intensity and of the fluorescence yield, detailed information about the SL
structure are derived.

(1) Jaros et al., J. of electronic Materials, 18, 35 (1990)
(2) R. People et al.,, Appl, Phys. Lett., 61, 1122 (1992)
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ABSOLUTE MEASUREMENT OF THE LATTICE PARAMETER OF
PERFECT DIAMONDS BY THE DIVERGENT-BEAM (PSEUDO-KOSSEL) X-
RAY METHOD

A.R. Lang and G. Pang

H.H. Wills Physics Laboratory, University of Bristol,
Tyndall Avenue, Bristol BS8 1TL, England

A modern embodiment of the classic work of Lonsdale (1947) has been developed and
applied to natural and synthetic diamonds that have been fully characterised by
modern methods such as X-ray and cathodoluminescence topography, and Fourier
Transform infrared absorption spectroscopy. The specimen volumes studied are
dislocation-free, with damage-free polished surfaces, and have been demonstrated to
possess high homogeneity of impurity content together with high long-range lattice
perfection. The integrated intensity of Bragg reflections from such petfect diamonds
1s probably at least 10O times less than from those diamonds studied by Mrs. Lonsdale.
Consequently, special techniques have had to be introduced to cope with such weak
patterns. Following her method, we study transmitted divergent beam patterns in the
vicinity of certain Kossel cone intersections where the pattern is very sensitive to small
variations in the ratio A/a, X being the CuKa, wavelength, and ¢ the diamond lattice
parameter (Kossel 1936).

In our experiments the specimen is placed in the specimen chamber of a
scanning electron microscope (SEM). This instrument has proved well suited for
generating divergent-beam X-ray diffraction patterns (Tixier and Waché 1970,
Dingley 1978). Characteristic radiation of a suitable element is produced by electron
bombardment of a thin film of that element in contact with the specimen crystal. The
resulting diffraction patterns are known as 'pseudo-Kossel' patterns, but their geometry
is identical with those observed in the original experiments of Kossel & Voges (1935)
in which the specimen itself (e.g. a copper single crystal) formed the target of an X-ray
tube. In our experimenis a 2 um-thick copper film is evaporated on to the diamond
crystal to act as a source of CuKa X-.ays. Features of our experimental technique
include a) strict temperature control of the specimen by means of a miniature Peltier
heating/cooling device, (b) a high-dispersion camera providing an evacuated path of
700 mm between specimen and photograph film or plates, (¢) use of modern X-ray
recording emulsions that combine fine grain size with high X-ray absorption
efficiency, (d) introduction of a 'film-stacking' technique for building up the signal-to-
background ratio, and (e) digital scanning photometry.

References

Dingley, D.J. 1978, Scanning 1, 79-99,

Kossel, W. 1936, Ann. d. Phys. | 5] 26, 533-553.

Kossel, W. & Yoges, H. 1935, Ann. d. Phys. {5] 23, 677-704,
Lonsdale, K. 1947, Phil. Trans. R. Soc. Lond. A 240, 219-250),
Tixier, R. & Waché, C. 1970, 1. Appl. Cryst. 3, 466-485,




STUDY OF DEFECTS GENERATED IN CZ SI DURING TWO-STEP
ANNEALING

M. Lefeld-Sosnowska, J. Gronkowski and G. Kowalski

Institute of Experimental Physics, University of Warsaw,
00-681 Warsaw, Hoza Street 69, Poland

The aim of the study was to detect and characterize defects generated in Czochralski-
grown silicon single crystals during two-step annealing processes: at 1173 K for 1h15m
and at 1423 K for 4 hrs, 6 hrs, 8 hrs or 10 hrs, respectively. X-ray topography and
diffractometry as well as transmission electron microscopy (TEM) were used for the

investigations.

Lang topography revealed contrasts characteristic for spherically symmetrical detects.
Besides defects with two- and six-fold symmetry were observed. Their density
decreased with increasing annealing time. The size of their contrast was about 70 um
and it tended to increase with the anneal time. For a sample annealed at 1423 K for 10
hrs also curvilinear dislocations, ending on microdefects, were detected.

Investigations of the overall perfectness of the crystal lattice in regions of small
microdefect density (or of their absence) revealed a distinct asymmetry of the strain
distribution. On section topographs recorded with the symmetrical 220, 440, 660 and
880 reflections a clear pattern of the Kato fringes characteristic for perfect crystals was
observed, while for the asymmetrical 333, 444, 551, 771 and 531 retlections the strain
gradient was so strong that no fringes were visible. The only exceptions where weak
fringes were detectable was the 333 reflection for the sample with the shortest anneal
time of 4 hrs as well as the sample where stresses had been relieved by the generation
of dislocation lines. Preliminary high-resolution diffractometric investigations of these

samples revealed no important diffuse scattering for symmetrical reflections.

TEM investigations revealed the presence of plane defects in the form of dislocation
loops of a very small density and small size (0.25-1 um). For the sample annealed at
1423 K for 4 hrs no defects were observed while in the sample annealed for 6 hrs a
significant number of larger defects (1 um) was found. For the longest annealed (10
hrs) sample where strains were relieved by dislocations defects are very scarce and have
small size (< 0.25 gum).
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THERMAL rXPANSION AND COMPRESSIBILITY OF
GALLIUM NITRIDE

M. Leszczynski, P.Perlin, T.Suski, H.Teisseyre, l.Grzegory, S.Porowski,
J.Jun
High Pressure Research Center Unipress Polish Academy of Sciences,
ul Sokolowska 29/37, 01 142 Warsaw, Poland

Properties of gallium nitride are much less known than of other III-V
semiconductors (GaAs, InP, etc). This situation originates from a difficulty
to grow single crystals because of a high equilibrium pressure of nitrogen.
However, recently gallium nitride attracts a lot of interest, because its wide
band gap (2.4 eV) makes it to be a main candidate for a construction of a
blue laser, other optoelectronic devices, as well as for high temperature
electronics.
In this work we present resuits of measurements on gallium nitride performed
by using an X-ray diffractometry (Bond method, double crystal, high
resolution) at a wide range of temperature (77-770 K) and pressures (1-8000
atm). The samples were in the form of unique single crystals grown at
pressures of about 12000 atm and temperatures of about 1300 K and in the
form of epitaxial layers grown cn sapphire.
The following physical properties of GaN have been evaluaied
a) real structure of bulk crystals
b) concentration of defects in the layer induced by the lattice mismatch with
the substrate
c) thermal expansion and how it is influenced by preserice of the substrate
which  has a higher thermal expansion coefficient
d) compressibility

The results of the structural examinations are correlated with the
measurements of electrical and optical properties of the samples.
Apart that, the work illustrates well the usefulness of X-ray diffractometry
combined with changeable temperature and pressure conditions.
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DISLOCATION EMISSION UNDER MIXED MODE LOADING IN SILICON
M. A. Lovela de Oliveira *, A, George**, G. Michot**

* Universidude Federal do Espirito Santo, DEM- CT0 v Fernando  Ferrari,
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France.

Stress relaxation at crack tip can be achieved through dislocation emission. Because of
the inhomogeneity of the stress field. the choice of the Burgers vectors of the actived slip
systems cannot be simply determined by a Schmid factor. Some attempts have been made
put torward a criterion based on averaged values of the resolved shear stress acting on the
dislocation [1]. However. being not always fulfilled. an other one. based on the crack
shielding concept has been proposed 2], It needs to be checked on a wide varicty of
orientations.

in order to bypass the geometrical limitations imposed by the few available
erystallographic orientations (two possible orientations of the Thomson tetrahedron with
respect to a {111} cleavage planes. an only one orientation for casy cleavage along {110}
planes) mixed mode loadings are required. For the well suited thin tapered DCB samples
used for such studies in silicon. it was generally easier to develop mode |4 11 oadings so far.,
However this paper will present results obtained on 1+ 1 loading due to a warp of the crack
during its low temperature propagation.

The pre-cracked samples are loaded at a temperature high enough for silicon to be
ductile. The number of active sources inereasing rapidly with the stress levell @ two steps
loading is used in order o develop diluted plastic zones : the high load applicd tora minute in
order to activate a fow sources is deereased o a low value in order to expand the configuration
of already emitted dislocation without turther germination.

This paper will compare a plastic zone, as observed under pure mode | Hoading to an
other one developed under modes |+ LI loadings. The discussion ol the activated slip
systems, as characterized by X-Ray topography. will emphasise the relative contribution of

the two modes. through the stress intensity tactors K and Ky,

[1] A. George. G, Michot, Mat. Science Eng A 164, ppl 18-184.1993.
[2] M. AL Lovola de Oliveira, PhD Thesis, INPL Nancy. Franee, 1994,
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X-RAY DIFFRACTION STUDIES OF THE POROUS SILICON
THIN LAYERS

A.A .Lomov, "D.Bellet, "G.Dolino, "M.Ligeon
Instibute of Crystallography. Russion Aeadvury of Seionecs: Moseow, Wussia

“Laboraloire de spoctvom e Physeque, Uinivevsile Joseph Fowvier. Grevoble, Franed

The recent discovery of photohiminescence and electroluminescence properties in
porons silicon (PSY has prodoced a geeat mterest. Tn general, these properties are
attributed to quantum confinement effeets in the nanometvie size ervstalline i PS.
To test the quantin continement hypothesis, it is necessary to determine the porons
silicon parameters (size. shape, deformation, porosity ...} The PS paramelers (size
and morphological informations ) were obtained by N rav diffuse. siall angle and
close 1o “I'EILUJ, |u'.‘|]\‘,\' :s('nH('l‘.llI}{. However, ‘I)iv[;ll-l't‘:iullll.lnll “I'Elg_L‘, diffractomet Ly hias
been nsed tor the deformation evaluation only. The aim of the present work is 1o
start o quantitative analvsis of the PS Laver diffraction peaks Dy using donble and
triple-crvstal diflractomerry measurement s,

noorder to have simples with a good crvstalline propertios, low porosity heavily
doped postlicon samples (1 10 omeann, (1007 arlentation) were used. PS lavers
{going Trom 200G0.03 i) were prodaced by aonadization in aomisture of hydeollnorie
acid and of ethanol with a constant current of T ma/em giving o porosity of 107,
For our high-resolntion experiments. we used the RD Philips diffractometer, In
the thicker samiples, narrow Brage peaks were observed for as grown samples, with
profiles close to those of the dynamical diffraction theory, For thin samples (in the
0.0 g vange) the PS Brapg peak was not resolved, but appeared as a shoulder on
the substrate peak: thickness Diges were observed, showing that the porons layer
surfaces were well deii o Canalvsis of submicron Tavers diffraction curves,

the Kinematical apps s nsed. 10 was shown that for good sinmtlation, 'S

faver st be divided o e 0 and intermed e subravers The first soblaver
average deformation T Waller Tactor were fonod to e 5010 Y Gnd 0.6
accordinely. The seco asnbl cr thickness was nearls 20 mm and (lid not vary for
the investisated samples Phieomrermediate Livers parameters were hetween those

of the main Laver and the salarate,
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X-RAY HIGH-RESOLUTION DIFFRACTOMETRY INVESTIGATION OF
SULPHUR IMPLANTED AND PULSE LASER ANNEALED InSb (111)
SUBSTRATES.

A.A.Lomov, V.A.Bushuev

Instrtuts  of Crystal lography of Euyssian Academy  of

Sarmrces, By Lenmininscy gr., 117333 Moscow, Russia

The triple-orystal X-ray diffractometry (TCD) is an
important technique <for separate registration of the
diffuse and dynamic components of the total scattering as
well as precision measurements of reflection curves far
away from the exact Bragg angle (truncation rods method).
The semiconductor crystals structure investigations are
of interest because of thedir intiuvences on
electro-physical properties of these materials. The pulse
laser annealing (PLA) is outlook method for a subsurface
layer structure restoring and an electriecal activation of
implanted impurities. It has many advantagies as compared
with the common used thermal annealing. The influence of
nanosecond and millisecond PLA on implanted orystal
structurs was studied by DCD and TCD methods, but now the
gsilicon crystal PLA have been studied more exhaugtive
only. There is not at all some information about InSb
monoerystall pulse laser annealing.

In the present paper we investigate the subsurface
layer siructure distortion of sulphur ion implanted (100
kev, D=1Oe+17at/cm9) and pulsed laser annealed (ne- tim
laser, 10ns duration, Q=0.1-0.2 J/omg) InSb(111) orystal
at 300K and 7YK temperaturies by X-ray high-resolution
techniques, It has been shown that this implantation
leeds to  full amorphous layers. After PLA O.3mkm
thickness 1liquid phase epitaxial layer with decreased
(-1.pe-3) lattice epase and with low dislocation
densities was is ereated at room temperature. This PLA at
77K is enough for solid phase epitaxial layer regrowth
with low erystal perfection.
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APPLICATION OF MULTIPLE GROOVE CHANNEL-CUT CRYSTALS IN
HIGH-RESOLUTION X-RAY DIFFRACTION

N. Loxley, B. K. Tanner* and D. K. Bowen”

Bede Scientific Instruments, Lindsey Park, Bowburn, Durham DH6 S5PF, U.K.
* Also Department of Physics, University of Durham, South Road, Durham,
DHI 3LE, UK.
* Also Department of Engineering, Umiversity of Warwick, Coventry, CV4 7AL, U.K.

Both in the double and triple axis X-ray diffraction configurations, a major requircment
is to switch between X-ray optical settings of different angular range and wavelength
bandpass. This is generally achieved either by changing beam conditioner and analyser
crystals or changing the reflections without replacing the crystals. We have adopted a
new approich which exploits the facility to alter the angular acceptance and divergencee
of a channel cut crystal by changing the angle of cut with respect to the diffracting
planes used. For such asymmetrically cut, parallel channels, the mput and output
divergences and beam widths remain matched.

In this paper we desenbe the performance of an X-ray optical element comprising a
single crystal block of silicon containing two beam channels cul respectively parallel to
and 17.659 from the (01D planes. The device is cut to such dimensions that  with
CuKo radiation the beam muakes two reflections in the asymmetrically cut channel
(asymmetry factor b = 2.5) and four reflections in the symmetrically cut channel.
Parallel, lateral, wanslation of the two elements permits a very rapid switch between
mgh mtensity and high resolution settings,

We have used two of these elements, together with high precision slides, to construct a
novel, duMond configuration monochromator. In the high intensity setting, the angular
output divergence FWHM s [1.S are see with a corresponding dispersion SAMA = 1.4
x 10 This is very similar 1o that for the Bartels device which uses the symmetric 022
reflection from germanium. When set on the peak ol the CuKey Tine from a fine-focus
X-ray tube running at 40KV SOmA, the device delivers 650,000 ¢.p.s. in a beam of
dimension 14 x .75 mm? at the sample. Due to the complementary nature of the two
asymmetrie reflections, the spatial width of the exit beam is the same as that of the
entrance beam, In the high resolution setting, reached by parallel Tateral translation of
the two elements, the angular FWHM is 4.4 arc see and the dispersion 4.9 x 10-3. The
imtensity, under equivalent coaditions to that above, is 75000 ¢.p.s at the sample.

The device has also been used as a variable acceptance analyser, which permits rapid
switching in resolution during triple axis reciprocal space mapping. With minimal
readjustment, a simple lateral transhition ol the analyser enables the experimenter to
examine in detail specific features at high resolution (but often therefore with low
recorded intensity), make o wider range map with a larger sampling volume in
reciprocal space or perform an un-analysed double axis measurement. We present
exemplary dat
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TOPOGRAPHY IN COHERENT BEAMS OF A NEUTRON INTERFEROMETER

P.Lukéél, B.Alefelda, A, Ioffej, P. Mikula' and M. Vrana'

') Nuclear Physics Institute, 250 68 ReZ, Czech Republic
*) Inst. flr Festkorperforschung, 5170 JUlich, Germany
>) HMI, Glienickerstr. 100, D-1000 Berlin 39, Germany

High-resolution two-dimensional position sensitive
detectors permit to investigate the spatial intensity
distribution in coherent beams of thermal neutrons
outgoing from a neutron interferometer. The detailed
analysis of observed Moiré patterns of an empty
interferometer can yield very useful information on
dominant negative influences decreasing the observed
interferometric contrast. Moreover, in the —case of
sufficiently wide neutron beams passing through the
interferometer, the neutron "topographic" experiment can
be performed when putting a sample into one of coherent
beams between the interferometer slabs. The resulting
topographs may exhibit a contrast being sensitive to the
relative neutron phase shift Ad=pAat (p - scattering length
density, A neutron wavelength, t - neutron path in the
sample) introduced by passing one coherent beam through
the sample. Thus, the phase topography gives information
on local variations of both thickness and scattering
length density of a tested sample. It may be of a great
importance for current interferometric experiments
determining precise values of neutron scattering lengths
of nuclei. Some computer processed topographs of an edge
“pp will
be presented. The results were obtained on interferometric
facilities in NPI Rez and HMI Berlin.

shaped Ge waffer and an isotopic pure sample of




TIME RESOLVED INVESTIGATIONS OF THIN ORGANIC FILMS BY
MEANS OF ENERGY DISPERSIVE X-RAY REFLECTOMETRY

W. Mahler, Th. Geue and U, Pietsch
Instint firr Fosikorperphysik, Uneversitat Potsdam, 1-14413 Potsdam, Germany

The total thickness and the periodicity of lamellar films has been evaluated by measuring
the X-ray reflectivity. For this purpose the angular dispersive technique is ofien applied

Another way to determine X-ray scattering spectra is the energy dispersive technique In
this case the angle of incidence remains constant and the reflected intensity is detected in
dependence of the energy using a Si(Li)-detector and a multichannel analyzer. For
(uantitative evaluation the measured spectrum has to be corrected by the detector
sensitivity and the ¢nergy dependent absorption of sample and air. This restricts the
accuracy for measurements on the absolute scale. The advantage of the energy dispersive
system is the possibility to use the whole X-ray specttum. Due to the fixed angic o
incidence the illuminated arca does not change during the measurement  Periodically
repeated measurements of about a few minutes are sutficient to get statistical reliability
for time resolved processes like melting or rearrangement phenomena in organic
multilayers

The application of the energy dispersive method is demonstrated at two examples: the
evaluation of phase transition kineticts in multilayers of fatty acid salts (Ref. [1]) and the
investigation of photoinduced structural responses of thin organic tilms built up by an
amphotropic azobenzenecopolymer (Ref [2]). In both cases the have been prepared by
the Langmuir-Blodgett technique The scattering spectra have been recorded in several
time intervals at fixed temperatures 1

For LB-films of fatty acid salts T has been fixed to I'- To-AT, where Ty is the melting
temperature and AT has been set to 4 12 K. One can observe a time dependent
disappearing ot the mean structural peaks of the initial [.B-phase ARer about two hours
new Bragg peaks appear which correspond to a lamellar spacing smaller than in the LB-
phase. The time constant of the phase transition depends on the temperature and
disappears at T

Photochromic copolymers with rod like azobenzene units as side groups show interesting
changes of the supramolecular structure on annealing and on irradiation with UV and
visible light. Upon illumination in the UV range one can observe a reorganization of the
initial LB- film into a new phase The intensity of the respective Bragy peaks depends on
the temperature and the wavelenght of irradiation. This ¢an be interpreted by a lateral
melting or growth of domains in the film. The activation energy of this process can be
obtained by time and temperature dependent measurements of peak intensity

i1 W Mahler. T A. Baberka. U. Pictsch. U Hohne and L) Merle;
Thin Solid Films 1994, submitled for publication

12) (5. Mobius. U. Pietsch, Th Geue. J Stumipe. A Schuster and H. Ringsdorl:
Thin Solid Films 1994, in press
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X-RAY REFRACTION INTROSCORY OF THE
BIOLOGICAL OBJECTS

A.A.Manushkin, N.L.Mitrofanov, K.M.Podurets, V.A.Somenkov and S.S.Shilstein
RSC "Kurchatov Institure”, 123182 Moscow, Russia

Method of refraction X-ray introscopy was proposed by authors in [1,2]. Method is based
on the use of the double perfect crystal setup with the object placed between the crystals
and the image taken in the non refracted beam. In this case the structure of very low
absorbing details could be observable as contrast for the conventional X-ray introscopy. In
the present work this method was performed with the help of the channel-cut crystal with
wide channel and the scanning technique which is used in topography. Images of model
and real biological objects were obtained at the Mo Ka radiation and angular resolution
about 1 second of arc. Both photo registration and computer controlled TV detector were
used. The observed and calculated contrast were compared for the model objects with
differenc size and refraction index for both types of registration. Feasibility of method with
the use of multibeam diffraction, which is essential for SR, is analyzed. In this case
simultancous registration of several projections is possible. Possibility of the use of this
method for hard radiation (about 30keV) is discussed.

[1]. K M.Podurets, V.A Somenkov and S.S.Shilstein. Zhurnal tekhnicheskoj tiziki §9
(1989) 6, 115.

[2]. V.A Somenkov, A K. Tkalich and S.S Shilstein. Zhurnal tekhnicheskoy fiziki 61
(1991) 11, 197
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X-RAY DYNAMICAL DIFFRACTION IN PERFECT
SUPERLATTICES IN
CONVENTIONAL BRAGG AND GRAZING-INCIDENCE
GEOMETRIES.
A.V. Maslov, 0.G. Melikyan
Institute of Crystallography of Russian Academy of Sciences,
Leninskii pr. 59, 117333 Moscow, Russia. '

A new approach for description of dynamical diffraction in ideal
superlattices (SL) is considered. The proposed method differs from
the existing ones and is based on fundamental Bloch theorem. In
accordance with this theorem fundamental solutions of wave equa-
tion in periodic media for arbitrary value of z must satisfy the
following equality:

Do,h (z+T) = pDg p (2),
where Dg j, (z) are the amplitudes of the refracted and diffracted
waves, respectively; T is the period of SL and p is called multi-
plicator. In conventional geometry the Bloch theorem is applied to
the solutions of Takagi-Taupin set of differential equations and
the whole problem of diffraction in SL reduces to determination of
eigenvalues and relevant eigenvectors of a 2 x 2 matrix /1/. In
grazing incidence geomeltry the reduced set of Maxwell equations is
used and all operations are performed with 4 x 4 matrices /2/.

REFERENCES

. A.V. Maslov, O.G. Melikyan, Journ. of Physics: Condensed
Matter, 28(1993), p.4903.
2. 0.G. Melikyan, R.M. Imamov, D.V. Novikov, Fizika Tverdogo
Tela (Russian), 34(1992), p.1572.
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DYNAMICAL EFFECTS IN MAGNETIC X-RAY DIFFRACTION ON
SPIRAL MAGNETIC STRUCTURES: CAN THEY BE OBSERVED ?

V.M.Matveev, V.Manuilov, V.V.Matveev
Zelenograd Research Institute of Physical Problems, 103460
Moscow, Russia

Strong resonant enhancement of magnetic X-ray scattering
near the M absorption edges of rare earth elements
(0,8 - 1,5 nm) predicted in [1] is shown to result in
drastic decreasing of the extinction length fcr magnetic
X-ray diffraction in single magnetic crystals. The extinc-
tion length become comparable with the absorption one, and
under such conditions it may be possible to detect direct
dynamical soft X-ray diffraction on spiral magnetic struc-
tures (SMS) (e.g. in metallic Ho, Tb, Dy) in contrast with
"satellite" kinematical hard X-ray diffraction on SMS [2].

As follows from our accurate dynamical consideration
the X-ray magnetooptics of spiral magnets are similar to
the visible optics of spiral liquid c¢rystals (e.g. choles-~
terics), but the magnetic nature of SMS (gyrotropy) result
in more complex dynamical diffraction phenomena. Firstly,
X-ray diffraction on SMS shows both ‘'cholesteric" and
"gyrotropic" features: two types of reflections may be
served at the different Bragyg angles relating to "non-
magnetic” and "magnetic" periodicity of SMS (half a period
and a period respectively). Secondly, these reflections
have complex angular and polarization structure: there are
a central region of total reflection for any incident
X-ray polarization and two regions of selective reflection
of a single elliptical polarization; these regions are
either in contact or separated by narrow windows of X-ray
transparency depending onh the values of the gyrotropy and
magnetic double-refraction parameters. Thirdly, specific
"elliptical" standing waves are formed in spiral magnets
over this regions. The polarization control of synchrotron
radiation using X-ray diffraction on SMS is realizable. To
observe the dynamical diffraction effects the experimental
setup must meet the requirements: 1 eV spectral and 10"
angular resolutions.

(1) J.P.Hannon et al., Phys. Rev. Lett. 61, 1245 (1988)
(2] M.Blume and Doon Gibbs, Phys. Rev. B 37, 1779 (1988)
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XRD Characterization of III-V Semiconductor
Heterostructures grown on (nll) GaAs Substrates

A Mazuelas, Moy, Boenichen, ML Alonso, and K. Ploog

Paul-Drude-Institut tir Festkdrperelekironik, Hausvogteiplatz 5-7, D-10117 Berlin, Germany,

In the last years great eftorts have bLeen made in the research of GalnAs/GaAs
heterostructures due o their importance tor optoelectronic application. Most of this work
concerned  heterostructures grown on [ 100] orientation. However, new properties are
expected when the growth is performed on (n1 1) substrates, These novel phenomena include
larger critical thickness [1.2]. corrugated interfaces [3], shear-strained unit cell 4],
anisotropy of the band structure [5], and built-in picsoelectric fields 6], In order 1o get a

deeper insight on these new properties a detailed study is required.

In this paper we present our results on the characterization of InGaAs/GaAs superlattices
grown by Molecular Beam Epitaxy on GaAs (1) substrates. During growth in-situ
characterization was performed by Reflection High Energy Electron Diflraction (RHEED),
Post-growth characterization by High Resolution X-Ray Diffraction (HRXRD) notonly reveal
the high structural pertection of our samples, but also contirms the existence of shear strain
inthe (311 -samples. We compare these results with theoretical predictions [ 7], The substrate
symmetry strongly mtuences the relaxation behaviour. (311 superlattices with a large
number of periods exhibit strongly anisotropic: structural properties and spiitting of the
satellite peaks not observed i the (HOO) reterence sample,

The electrome structure of these low symmetry  semiconductors dilters from the (100)
counterpart. We present dati on the excitonic binding energies in (100) and non-(100)
samples.

Our results underfine that diffraction wehniques reveal several novel phenomena caused by
the growth on substrates with Tow svimmetry.,

L1 T Anan, K.Nishi, and $.Sugou, Appl.Phys.Lett, 60. 3159 (1992)

[2] S.E. Hooper. D.1.Westwood, D.A.Woolt, R.H. William, J.Cryst.Grwth 127, 918 (1993)
[3) R.NOzel. NN Ledentsov, L. Diweritz, M. Hohenstein, K.Ploog. PRL 67, 3812 (1991)
[4] M. A Tagliente. L.Caro, L. Tapter, R.Notzel, A Fischer K. Ploog, MSS6 Garmisch, 1993
(5] E.C.Valadares, Phys.Rev. 46, 3035 (1992)

(6] C.Mailhiot and D.1..Smith, Crystal Properties and Preparation 21, | (1989)

[71 L.Caro and L. Tapfer, Phys. Rev, 48, 2298 (1993)
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X-Ray Study of heavily Carbon doped Ga In; As (x=0.99)
A Mazuelas(l. ). A Trampert(). A Fischer(l), and K.H.Ploog2)
(1) Max-Planck-Tnstitut tiir Festkorpertforschung, Heisenbergstr. 1, D-70569 Stutigart.
(2) Paul-Drude-Institut fiir Festkdrperelektronik, Hausvogteiplatz 5-7, D-10117 Berlin,
X-ray scattering methods are of increasing importance for the investigation of
epitaxially grown materials. We present an example of how High Resolution X-Ray
Diffraction and Topography are applied to study the high carbon doping of GalnAs.

Although Be and Zn have been widely used as p-type dopants of GaAs, it is well known

that the diftusion of Be and Zn represents a serious drawback in the pertormance of

devices that make use of these materials. It has been shown that layers of GaAs:(C have
better properties in terms of the device characteristics. A very ligh maximum doping
level of over 10?! ¢ is also attractive. However, the lattice contraction due to C
represents an important limitation because ot the relaxation of the layers when a critical
thickness is exceeded. In order to compensate for this etfect we propuose the ( doping
of Ga,ln, ,As with a small fraction of In. Layers with appropricte C and In
concentrations can be grown pseudomorphically on (100) GaAs substrates without
relaxation. We have grown a series ot Ga,In; As:C lavers by Molecular Beam Epitaxy
in order to study the incorporation of C and the effectiveness of stress compensation.
As C source a graphite filament was used. ‘The doping level was in the range 1x10Y7-
Ix10* ¢m?. X-Ray Diffraction and Topography are used to evaluate the structural
quality of the layers. A comparison with Trarsmission Electron Microscopy
characterization is also presented. We have tound that C incorporates in the Ga,. In,As
lattice on As sites in the range of C concentration studied. The observed deviation in
the C concentration evaluated by SIMS and XRD indicates that a certain fraction of the
C incorporates either in interstitial sites or as clusters. The density of extended detfects

revealed by XRT shows the effectiveness in the intended stress compensation,
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X-RAY ROCKING CURVE ANALYSIS OF
CRYSTALS WITH BURIED AMORPHOUS
LAYERS. CASE OF ION IMPLANTED SILICON

S. Milita and M. Servidori!"”

(a) Consorzio OPTEL s 7 per Mesagne Wi 72500, Ciitadella della fieerea,
[-72000 Brindisi (Haly). Tewmporary guest of Isbitulo 1AM

(b) CNR-Latituln LAMEL, Via Gobetli 101, 1-40129 Bologna (Italy).

N ray rocking cneve sinnlation of implanted silicon was recently used 1o
investigate the damage accnmulation with increasing ion dase [1.2]. For fow o
medinm jon mass, the maximum lattice strain was observed to inerease slowly

in the low dose range and to undergo a imuch faster increase when the dose

approaches and reaches the value for the formation of a continuons surface

amorphons layer,

lu o similar investigalion here reported, the trend of the integral of the
strain depth profile, as determined by rocking enrve simulation, was analysed
as a function of the jon dose, TU was observed that the minimum dose able Lo
produce a buried amorphons layer corresponds to the onset of the regime ol
fast damage inercase. Stacting from this dose, the determination of the peak
value of the strain depth prolile, and henee of its integral value, is meaningless
I fact, by asimple diffraction model it is shown that layer amorphicity can be
desceribed by sullicient!y high values of the static Debye- Waller factor and that
the vigid ontward transtation of the siface damaged It <ol crvatalbine Laves
with tespect to the snhstrate indueed by the buried awmorphons Taver cannat
have a delinite vadne, The rigkd translation T, piven by the prodio e bhenween
the thickness of the amorphons ayver and the donuny strain value obtamed
[ron tocking eurve simulation, can he written as 1" = (0 2) d, where noasan
integer (0= 012000 - < L and o s the spacing of the dilfvaction planes
This nplies that, for a given fraction = of d, there exists a discrete infinte st
of 1" values able to give the same calenlated rocking eneve, The conditions o

which this indeterimination cannol he solved are discussed.

[V Go Bai and MUAL Nicolet, ). Appl. Phys, 70 (1991) 649,
[2] . Bai and MUA Nicolel, ). Appl. Phys. 70 (1991) 3551,




DETERMINATION O LATTICE DISTORTIONS
IN EPITAXIAL LAYER SYSTEMS

P. Mick and H. Berger
iseiboldi- Cmiversutat zu Berlin, Instite fior: Physik, Invalidenstrasse 110, D-10]15
Rerlin Ciermany

The tattice distortions for two GaAs deposit. n St substrates, 3.5° and 1” nusoriented
oft (001) (rotated about {110]) have been calculated from precisely measured dif-
fraction angles. These angles were determined for symmetrically equivalent reflections
of GaAs. cach four of the type 117 and 115, with a precision of about (1 to 2) = 10

degiees

The reaprocal metne tensors ¥, of the deformed deposits were calculated by solution
of the lincar equation system

LT G S |
(2smed, FAP = (k1) "y Gy G¥y) |k
G* G+, Gl

(¢ diffraction angle, A wavelength; i = 1,2, .., 8). From the six independent compo-
nents of these tensors, the following parameters of the direct lattice of the deformed
deysits are obtained:

sample no. | sample no.2
amm 0.566095 £ 0.00002 0.5606278 T 0.020003
hinm 0566109 * 000002 0566220 + 0.00003
c/nm 0 5640640 £ 0.00002 0.564413 £ 000003
a/deg. 90.0024 + 0002 90.0030 + 0.003
Pldeg 89 9953 + 0.002 89 9998 £ 0.003
y/deg. 89,9942 + 0.002 899910 t 0.003

From these results, 1t 15 obvious that the deformation of the deposit is not tetragonal,
but triclinic or monochnic, respectively. The reason for that is the existence of an
epitaxial misorientation between deposit and substrate lattices (see. c.g., [1-3]) in the
order of magnitude of 0.1°.

{1} B.F. Usher et al.. J.Phys.D: Appl. Phys 24, A18] (1993)

[2] K. Bickmann et al.. J. Cryst. Growth 131, 133 (1993)
[3] P. Mdck, J. Mater. Sci. Eng. B16. 165 (1993)
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NEW POSSIBILITIES OF THE RISE OF INFORMATIVITY,
SENSITIVITY AND RAPIDITY IN THE HIGH-RESOLUTION
TOPOGRAPHY AND DIFFRACTOMETRY

V. B. Molodkin, S. I. Olikhovskii, E. N. Kislovskii, and A. I. Nizkova
Institute of Metal Physics, Ukrainian Academy of Sciences, Kiev, Ukrdine

New possibilities to increase substantially the informativity and sensitivity
of high-resolution diffraction methods have been discussed. They connected
with the account and use the new physical effects predicted by the authors in
their variant of the statistical dynamical theory for single crystals with defects
in defects. Namely, there are

— extinction effects in both coherent and diffuse diffraction intensities,
which are caused by the scattering on defects;

— effect of the anomalous transmission for the diffuse scattcring by static
distortions causcd by defects;

— violation of the total integrated reflecting power (TIRP) conservation
known in kinematical theory in case of dynamically scattercd crystals that
causes the uniquely sensitivity of TIRP to characteristics of defects. It has
been predicted that such sensitivity was possible due to the increasing relative
contribution of the diffusc component into the TIRP by the appropriate
variation of crystal thickness, radiation wavelength, magnitude of the
diffraction vector, azimuthal rotation angle in both Laue and Bragg
geometrics of diffraction that is important both in diffractometry and
topography.

— effects of the non-adiitive influence of combined distortions caused
simultaneously by microdefects and macrodeformation on the TIRP, namely,
the loss of the TIRP sensitivity to the deforn.tion (bending) when the
defects are present, the possible sign change of their influence on the TIRP
value and the increase of TIRP sensitivity to defects with increasing
macrodeformation.

All the effects mentioned above have been demonstrated in the paper.
The necessity to account these effects for correct interpretation of
cxperimental data and reliable diagnostics of defects has been shown with
respect to the traditional methods as well as to the proposed new TIRP
methods (so called integral triple-crystal diffractometry) which allow to
measure separately diffuse and coherent components of TIRP.

Also, some other new methods that use the new effects have been
demonstrated. The established dependences of the effects mentioned on type
and characteristics of defects allow to increase substantially informativity and
sensitivity of the defects diagnostics.
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DYNAMICAL THEORY OF X-RAY DIFFRACTION BY ELASTICALLY
DEFORMED SINGLE CRYSTALS CONTAINING DEFECTS

V. B. Molodkin, S. 1. Olikhovskii, and A. N. Kostyuk
Institute of Metal Physics, Ukrainian Academy of Sciences, Kiev, Ukraine

The classical dynamical theory developed by Ewald, Bethe and von Laue
for perfect crystals {1] is generalized for the case of radiations diffraction in
macroscopically deformed single crystals containing randomly distributed
bounded defects. When obtaining the basic equations for the Fourier
transformed amplitudes of wave fields from a wave equation, the method of
fluctuation waves of static displacements of atoms was used [2]. The solutions
of the basic equations for strong Bragg and diffusely scattered waves have
been found in the two-beam case of diffraction by using a perturbation
method [3]. The application of these methods in the case of the
macroscopically deformed crystal is possible due to the "correcting” change of
space coordinates, which provides the translation invariance 'in average" (i.
e., after averaging over a random distribution of defects) for the crystal lattice
in the new coordinate system,

The dispersion corrections to the wave vectors of strong Bragg waves
have been calculated in the two-beam approximation what allows to take
correctly the extinction of these waves because of the dynamical diffuse
scattering into account. The general expressions for coherent and diffuse
components of the differential reflecting power of the deformed crystal with
defects have been obtained with taking the boundary conditions for both
Laue and Bragg geometries of diffraction into account. The obtained
expressions are the absolute squares of the convolutions of the corresponding
scattering amplitudes in the underformed defective crystal and a certain
weight function which describes the distribution of contributions from various
tie points on the dispersion surface into the scattering amplitude and depends
on parameters of the macroscopic deformation. The formulae for the
diffraciion intensities are valid at an arbitrary form of the macruscopic
deformation field satisfying only the restriction that its distortion tensor
should be small through the whole crystal.

References

1. X-ray Diffraction. £d. by L. V. Azaroff R. Kaplow, N. Kato, R. J. Weiss,
A. J. S Wilson, R. A. Young, Mc Graw-Hill, New York 1974.

2. M. A. Krivoglaz, Diffraction of X-rays and Thermal Neutrons by Imperfect
Crystals, Springer; Berlin, Heidelberg 1992.

3. L. I. Dutsenko, V. B. Molodkin, and M. E. Osinovskii, Dynamical
Scattering of X-rays by Real Crystals, Naukova Dumka, Kiev 1988 (in
Russian).
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SYNCHROTRON TOPOGRAPHIC STUDIES OF SINGLE-CRYSTAL
SYNTHETIC DIAMONDS

M Moore and G Kowalski*
Department of Phvsics, Roval Hollenvay, Universine of London,
Eeham, Surrey TW20 01X, England
and
A PW Makepeice
Departinent of Physiology, University of Bristol, BSS 1TD England.

Synthetic diamonds grown from seed crystals, under conditions of high pressure and
high temperature, sometimes contain opague particles a few micrometres in diameter
(catled ‘clouds). These are of interest to industry since single-crystal diamonds, after
laser dritling, are used in wire-drawing applications.

Lattice misorientations and strains were measured by double-crystal synchrotron X-ray
topography and by rocking-curve analysis, turning cach specimen crystal through |
second of are intervals. A silicon reference crystal reflected 0.96A radiation (and its
harmonics) on to cach diamond specimen. The 333 diamond reflexion was well
matched by the 800 silicon reflexion in a convenient non-dispersive Bragg-Bragg
geomelry. (The Bragg angles were 45° and 44.42° for the silicon and diamond
respectively.) The topographs were imaged by almost purely monochromatic
radiation, since 666 is a 'forbidden' reflexion for diamond and the wavelengths
appropriate for higher harmonics were very weak in the synchrotron spectrum,

Individual topographs revealed inclusions. dislocations, boundaries and stacking
faults; and series of topographs taken at succe. -ive angular positions enabled growth
histories of the diamonds to be mapped from their ‘cloudy' centres outwards.
Rocking curve widths for entire specimens ranged from 5 to 30 seconds of arc
(FWHM) for heavily ‘clouded’ specimens.  Rocking curves recorded from arcas
sclected hy atranslatable pinhole of 100 pm diameter showed that regions of crystal
close to the seed had a rocking curve width of typically §"; and further out there were
regions displaying wider (207), and occasionally narrower (4") rocking curves,

The authors thank the Science and ingineering Rescarch Council for financial support

and Duresbury Laboratory facilities: and De Beers Industrial Diamond Division (Pty)
Lid for financial support and the loan of interesting specimens.

*On leave trom the Institute of Experimental Physics, University of Warsaw, Poland.




HIGH RESOLUTION X-RAY DIFFRACTION AND X-RAY
STANDING WAVE
INVESTIGATIONS OF INDIUM PHOSPHIDE CRYSTALS
IMPLLANTED WITH Fet .

E.Kh.Mukhamedzhanov(a), A.V.Maslov(a), R.M.Imamov(a),
Yu.V.Yakovchick(a), C.Bocchi(b), P.Franzosi(b)

(a)Shubnikov's Institute of Crystallography of Russian Academy of
Sciences, Leninskiy pr. 59, Moscow, Russia

(b) MASPEC-CNR, Via Chiavari 18/A, 43100 Parma, Italy

Structural distortions due to various dose implantation of Fe+
ions in semi-insulating crystals of indium phosphide were investi-
gated by means of high resolution X-ray diffraction and X-ray
standing wave (XRSW) methods. In frames of XRSW method
energy-
selective photoelectron emission from samples was measured. As
well known /1/ photoelectron yield has high sensitivity to total
displacement of near surface atomic planes. Experimental arrange-
ments included a triple crystal X-ray diffractometer and a gas-
flow proportional counter of photoelectrons.
For qualitative analysis the mean escape depths of photoelectrons
in InP were found (few hundreds angstroms depending on electron
energy) by means of measurements of photoelectron yield in gra-
zing-incidence Laue-geometry/2/. For each rocking curve multiple
minima corresponding to different distortion profiles were found
and some of them provided practically equal values of X2 . Each
profile was tested by calculating photoelectron yield angular
curve and comparing it with the experimental one.
It is shown that XRSW method provides valuable complementary in-
formation on strain and damage in the subsurface layer of a crys-
tal and allows to distinguish between different distortion pro-
files that give practically one and the same kinematical diffrac-
tion intensity.
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X-RAY SCATTERING FROM THIN LIQUTID WETTING
FILMS

P. Miiller-Buschbaum, O, H, Seeck, M. Tolan, W. Press
Institut fiir Frperunentalphysik der Universiddt Kiel

D. Bahr

HASYLAD Hamburyg

Apparently the structure of the liquid-vaponr interface is thickness dependent
for a ultra-thin Al completely wetting « microscopically tongh solid anriace.
This was studied by x-ray diflvaction in the region of total exiernal reflection.
A silicon wafer covered with it’s native oxide layer is completely wetted by
carbon tetrachlorvide [t Differential heating the substrate surface rerlative
to the temperature of a liquid reservoir was used to thin the liquid wetting
layer [2].
Both x-ray specular reflectivity and surface diffuse scatlering were measured,
The data are fitted by a model within the distorted wave Born approximation
(DWRBA) recently formulated by Holy and Baumbach [3] using one consis-
tent set of parateters. The thinnest tilins are constrained to lollow the
height variations of the substrate which is modetled by a correlation length
perpendienlar to the surface. For thicker films this effeet becomes weaker [2].
The x-ray measurements were cartied ont at HASYLAR on the BV

heamline with a wavelength of A 13696 A,
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X-RAY TOPOGAPHIC STUDY OF POTASSIUM NITRATE SINGLE CRYSTALS
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Potassium nitrate, KNO,, crystallizes in the trigonal-rhombohedral calcite and the orthorhombic
aragonite structure. The aragonite structure is stable below 128°C with lattice paramelers
2a=542A,b=9.17A, ¢ =6.48 A and spacc group Pmen (historical non-standard setting). Large
single crystals (up to 50 mm diameler) of aragonite-type KNO, were grown from aqueous
solution at about 40°C by slow cvaporation of water. The crystals tend w0 develop parallel
intergrowths  with re-entrant edges and the capture of liquid inclusions. Occasionally thin
pseudohexagonal {110} twin lamellac, typical for aragonite, are observed with polarized light
and by etching.

Slices (about 1 mm thick) parallel (100), (010), (001) and (110) were cut out of the crystal with a
string saw and waler as solvent and polished on a soft cotton cloth soaked with water. The slices
were studied by conventional X-Ray topography (LANG technique) using MoKa radiation of a
rotating-anode generator.

The topographs show that a rather wide zone surrounding the seed crystal is strongly disturbed.
Some peripheral regions, however, are highly perfect, containing only a few dislocations.
Straight-lined grown-in disiocations with directions close to the normal of the growth face
concerned or strictly parallel o directions [001] and [110] originate from the disturbed regions.
Some of them show post-growth movement by glide. Burgers vectors 100}, [010] and [001]
have becn identified. [n addition, numerous glide dislocations with Burgers vector [100] (shortest
lattice translation) are present, indicating the highly anisotropic plasticity of KNO;. Most of them
have the shape of halfs-loops parallel to the pseudohexagonal (001) plane. Frequently they are
arranged in columns of half-loops parallel [ 100), the direction of their Burgers vector. The glide
is blocked by the twin lamellae. Thus glide dislocations accumulate along twin lamellae which
fequently separate regions of high glide-dislocation density from dislocation-free regions.
Grown-in dislocations are observed to penetrate the twin lamellae.

The support of this study by the Stiftung Volkswagenwerk is gratetully acknowledged.
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HIGH-RESOLUTION MAPPING OF TWO-DIMENSIONAL LATTICE
DISTORTIONS FROM TRIPLE-CRYSTAL X-RAY DIFFRACTOMETRY DATA

A. Nikulin, O. Sakata*1, A. Stevenson*?, 8. Wilkins*2 and
H._llashizume*!
School f Physics, The University of Melbourne, Australia
¥] Research Laboratory of Engineering Materials, Tokyo Institute of
Technology, Nagalsuta, Midori, Yokohama 227, Japan

*2 Division of Materials Science and Technology, CSIRO, Australia

Lattice distortions perpendicular to the surface in thin surface layers
of jon-implanted (111) sillcon c¢rystals have been mapped as a function
of depth and lateral position with submicron resolution. The samples
are implanted with 300 keV B! ions to a 5X 101 ¢m-2 dose through a
one-dimentional strip mask oxide pattern with a 5,83 um repeat period
and a 4 um gap region, which produced a series of satellite peaks in
rocking curves observed near the 111 Bragg reflection. Small areas in
reciprocal space were scanned using a triple-crystal X-ray diffracto-
meter at & synchrotron source. The intensily data were treated by an
algorithm [1] which Fourier synthesized ab-initio solulions of the 1D
inverse pioblem [2). Data collected on the vertical-wiggler beamline
at the I'hoton Factory to achieve 0,33 um in-plane and 500 A depth
resolutioti in the resulting maps show a very thin damaged layer of
0.15 um thickness at 1.05 um below the surface, in agreement with
Monte Crrio calculations, with increased lattice spacings normal to
the surface by several parts in 104 The distortions are appreciably
extended in the lateral direction suggesting diffusion of the enegetic
fons. The 0.5 gm-thick thermal oxide strip is found to contract the
normal lattice spacing of substrate silicon crystal under the strip
region by a few parts in 101 because of the built-in surface tension
{3}, The model distortions were checked by back computing rocking
curve profiles using the Takagi~Taupin formula. The use of & four-
bounce chiannel cut for the analyzer crystal on the BIGDIFF diffracto-
meter at the Australian National Beamline Facility led to a reduced
background, allowing onc to scan far from the Bragg peaks for signi-
ficantly improved in-plane and depth resolutions of 0.22 gm and 160
A respeclively in a surface layer of 1 um thickness. A further
improvement in signal-to-background ratio was achieved on evacuating
the diffractometer down to 1 Torr, which promises a depth resolution
of 60 A in the maps [4).

[1] Goureev T.E., Nikulin A., Petrashen’ P.V. (1992). Phys. Stat. Sol,
{a), 130, 263-271.

(2] Petrashen' P.V, and Chukhovskii F.N. (1989). Sov. Phys. Dokl 34,
957-959,

(3] Nikulin A., Sakata 0., Hashizume H., Petrashen’ P.V. (1994). J.
Appl. Cryst. (in press).

(4] Nikulin, A., Stevenson, A., Hashizume, H., Wilkins, S., Cookson,
D., Foran, G. and Garrett, R. (1994). submitted to J. Appl. Cryst.
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X-ray topography study of Highly Oriented Pyrolytic Graphite
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Highly Oriented Pyrolytic Graphite (HOPG) is a very efficient and well-known X-ray and
neutron monochromator {1], obtained by thermal cracking of a hydrocarbon gas and
subsequent graphitization treatment [2]. This process leads 1o a rotational disorder of the
graphite layers, which hive only in common the ¢ axis of the hexagonal structure. But the
actual microstructure is still a matter of controversy. Length and depth along the ¢ axis of
the *crystallites’ extend. when consulting literature, over a wide range (from ibout 0.0 lpm
to 100pm). From a diffraction propertics point of vicw, the model consistent with most of
the published results is that of the ideally imperfect mosaic crystal” [3], very far from the
nearly perfect erystals usually investigated by topographic techniques,

Scveral samples of different qualities (mosaic spread of the ¢ axis going from 18 to more
than 1°) and provided by different manufacturers were characterized by a set of
experimental technigues, These included diffraction (Laue technique, high resolution
diffractometry) and topograhic techniques (Lang's method, synchrotron radiation
topography - at LURE - performed either by recording ‘projection’ topographs, or by using
the *section’ and even ‘pinhole’ versions of this techique, which appear to be useful in our
ase). Most of the investigations were carried out using the only ‘single crystal’ reflection§
produced by HOPG samples, the (01,

The HOPG 1opographs show that: 1) bright *spots’ are present within the sample image,
elongated along the diffraction veetor, 2) these *spots’ do not viary when the topographs are
recorded on several points of the (wide, about 0.5°) rocking curve, 3) the obtained images
are very dependent on the sample to film distanee, the ‘spots’ divergence being bigger than
the average mosaic spread of the sample.

The set of obtained experimental facts cannot be explained by models based exclusively on
misorieniation distributions of the reflecting planes. An interpretation in tcnns  of
‘extinction’ appears sensibe: relatively well crystallized growth tubes are seperated by
more defective borders of 4 higher reflectivity. This model can casily be related to the
micrastructure of as-depx sited Pyrolytic Carbon, the departure material for the production
of HOPG. In the light of (hese results, additional information can be gained on the
interlayer spacing of the graphite netplanes that is found to remain constant over distances
of several micrometers, This may be discussed in the context of graphitization
mechanisms.

111 A, K. Freund, Nuc. Inst, Meth,, A242, 28 (1985)

(2) A. W. Moore, Chem, Phys. Carbon (P, L. Walker Jr., ed.), 11, 69, Marcel Dekker.,
New York 1973

(3] B. Ddmer. A, Kollmar, J. Appl. Cryst., 7. 38 (1974)
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Reciprocal space mapping utilising a linear position sensitive detector
R. Opitz, M. Schmidbauer, H. Damerow, and R, Kéhler

Mux-Planck-Arbeitsgruppe "Réintgenbeugung” an der Huntholdi-Universitdin - Berlin,
Hausvogteiplatz 5-7, D-10117 Berlin, Germany

With regard to structural information of epitaxial layers (Jattice strain, relaxation, mosacity,
layer thickness...) so-called reciprocal space maps provide the most information. Reciprocal
spiwce mapping is usually carried out by a triple axis arrangement in which the direction of the
diffracted beam is measured cither with (a) a crystal analyser or, alternatively, with (b) a small
slit located in front of the detector. The mapping is performed by a combined scanning of the
sample and the detector in such a way that the scattering vector Q covers an arca in reciprocal
space ("arca scan”). Both methods, however, differ substantially concerning resolution and
intensity. Depending on the slit width, method (b) provides a resolution of about AQ/Q = 104

10~ which is limited by the beam size. An analyser, on the other hand, improves the
resolution to 10-9... 104, However, the high resolution achieved is accompanied by a strong
intensity reduction due to the small angular acceptance of the crystal analyser.

The investigation of very thin epitaxial films (with thicknesses of a few atomic layers) by
conventional reciprocal space mapping as described above is rather time consuming, in
particular, when asymmetrical reflections are investigated. We present here a nowvel
experimental method using a linear position sensitive detector (PSD) instead of a crystal
analyser (sce figure below). Diffracted beams within 0.5° .. I° divergence angle can be
measured simultaneously. Due to the spatial resolution of the detector (100 pm) a moderate
resolution down to 10-4 can be achieved. In order to take advantage of this resolution the
horizontal size of the diffracted beam should be around 100 um. For this reason an asym-
metrical geometry with glancing cxit is most advantageous. Multi-detection and moderate
resotution combined with a [2-kW rotating anode generator (line focus) ensures a considerable
enhancement of intensity as compared with conventional reciprocal space mapping.

The experimental setup is most suited for systems with large lattice mismatch between layer
and substrate, thus requiring a large angular range and not too high resolution. Preliminary
results of 5 and 10 nm Ge,Siy LPE layers grown on 5i 001 (with x around ().85) will be
discussed and compared with results obtained with a triple crystal arrangement.

;onlg;igg I collimator
- ) linear
position
sensitive
detector
(PSD)
ITRREE
.......................... !
sample R AQH)

Fig.1: Schematic view of the experimental setup in a (m,-n) scattering geometry. The sample
and the detector are mounted on a iwo-circle goniometer,
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X-RAY DIFFRACTION DIAGNOSTICS OF LASER
HETEROSTRUCTURES

K.M.Pavlov, V.L.Punegov, N.N.Faleev’
Svkoyvkar State Universiey 167001 Svkovvkar , Russia
AL offe Phvsico-Technical Institute, 194021 St.ctershury, Russia”

Usually X-ray diffraction diagnostic of multilayer systems is carried out without taking
into account incoherent scattering caused by defects. The scparation of coherently and
incoherently scattered intensity enables to obtain the information both on the depth-
dependent strains and statistically distributed microdefects. The inverse problem of X-
ray diagnostics of heteroepitaxial laser structures is solved in the framework of the
statistical dynamical diffraction theory, coheient and incoherent parts of scattered
intensity being taken into account. The N-layer system model represents alternating
crystalline layers. Each of the layers, say with number n, is characterized by an intrinsic
interplanar spacing «, , the static Debye-Waller factor /2, and average size of defects .
In solving the inverse problem the laser structure parameters (AlGaAs) were found by
means of misfit functional minimization
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L 8| profiles of the depth-distribution  Al-
concentration , the static Debye-Waller
. : , o000 factor and the size of defects were obtained.
0.00 200 400 Fig.1  displays  calculated (1) and

Depth (mkm ) experimental (2) triple-crystal reflection
curves. The profiles of static Debye-Waller
factor (1) and Al-concentration (2) are shown in Fig.2.
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NUMERICAL IMAGE TREATMENT OF SYNCHROTRON WHITE BEAM
TOPOGRAPHS

Authors: M. Pilard, Y. Epelboin

Laboratoire de Minéralagic-Cristallographie UA 009 CNRS, case 115,
Universités PM. Curie et D, Diderot, 4 place Jussiew, 758252 Paris CEDEN O35, France

The analysis of synchrotron white beam topographs can be greatly improved using
numerical image treatments.

On line digitization and simple treatments during the experiment allow to greatly
improve the quality of the TV images and to follow images changes during the
experiment. For instance it has been possible to study the interaction of dislocations with
surface acoustic waves,

Fourier filtering and wavelet analysis are efficient tools to restore and enhance the
yuality of topographs. They allow 10 extract mote information than provided with just a
visual analysis of the original topograph.

We have used these treatments to process topographs of surface acoustic waves devices
and ferromagnetic domains in Fe-Si crystal.

Background correction and feature enhancement with polar filters make possible the
study of the distortion of the shape of the acoustic wave due to crystal defects. The
losses of energy in surface acoustic device are also clearly visible in the processed
topographs.

In Fe-Si crystal topographs the contrast due to ferromagnetic domains are masked by the
disorientation contrast of subgrains, Low-cut frequential filters and anisotropic filters
greatly enhance their visibility, especially at the subgrain boundaries.

A program is now available for images treatment and its main features  will be
explained in a further paper.
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DYNAMICAL X-RAY DIFFRACTION FROM MULTILAYER SYSTEMS
WITH DEPTH-DEPENDENT DISTRIBUTED MICRODEFECTS

V.l.Punegov
Svknvkar State University 167001 Sykiyvkar , Russii

Dynamical of X-ray diffraction from a nonuniform crystal with depth-dependent
strain, concentration and size of defects is formulated by recursion formulae The
amplitudes of the transmitted /., and the diffracted £ coherent waves for layer with
number 1 ( 1 <n < N, N is number of layers in the multilayer system ) in the Bragg
case are

() o ) ' ' . \ Y
Eoz)= {1,108 - .83)]-{.8, explie, (= - )] 9 explie (< - .,,)]}
5ln) pofe , . ' N

£, (2)=[1,/(8, - .\z)]-{blbz explie; (- 2,)] - S, explie (= - -,,)]}

where = is the coordinate of the layer with number n. 8 = (R, | -b)explidd, ),

"

S, =(R, ,~hb,). I, is the thickness of this layer. b, = &,/ k.0 ., where £ is the

static Debye-Waller factor. R, | = 1'.'£" Uz, )i EY (2, ) is the amplitude reflection
coefficient for the lower (n-1) layers in total, &, are the angular variable (other

notations see in [1]). 7, is the amplitude transmission coeflicient for the upper (N -n)

layers in total. For N -layer system the angular distribution of the incohetently scattered
intensity emerging from the layer with number # is given by the recursion formula

-

o 2o, (1= £3)s,
= expl-ud ) +| - SRR
[n In i p( l ) lSl 'S_‘IL

Iy . .
...f'-i- {| Sy 1|8 e, v 2 Re( .\',S,'u,)}

where /) | is the incoherently scattered intensity from the lower (- 1) layers in total

(notations for a, (i =12,3),7, and o, sec in [1]). Numerical calculations tor
theoretical rocking curves and the distributions of depth-dependent coherently and
incoherently scattered intensitics are made for the nonuniform system

Al Ga, Asi(100)Gads,  where  depth-dependent  concentration % s

¥(z) = [.r,, —(i‘;)::‘/(l +2/1), 'is the thickness and = is coordinate dirccted into the
depth of this syst’em.

[1] V.LPunegov, Phys.Stat.Sol. v.136, P.9.(1993)
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THE SPACE AND ANGULAR DISTRIBUTION OF X-RAY
INTENSITY IN LAUE DIFFRACTION IN REAL CRYSTALS

A. Y. Pushkarey
Institute of Physics of Solids and Semiconductors Acudemy of Scicnee,
P. Brouki 17, 220072 Minsk, Belurus

It is recognized that in the limits of the kinematic scattering model of the
crystal the refractive index of X-rays is constant and equals 1. According to the
dynamical theory the refractive index of X-rays varics in X-ray diffraction in
perfect crystals in the Bragg scattering curve region which allows one to
determine the dependence between the incident and scattering angles. The
behavior of refractive index of X-rays in diffraction in real crystals is of
significance. The objective of the present work is experimental study of space
and angular distribution of X-ray intensity in Lauc diffraction in real crystals as
a function of angular deviation (e) from the exact Bragg position. The
investigation was carried ¢ . on lithium fluorine single crystals with various
dislocation density (N,). The study was made on doublc and triple crystal
spectrometers in the Cu K, radiation, with perfect germanium crystals
(reflection 333) serving as the monochromator and analyzer. The experiment
consisted in the following. The slit moved sequentially in the horizontal direction
across the diffraction beam and was fixed at certain point [ In this case a region
was picked up from the diffracted beam cross-scction at the given e value for
which the direction of diffraction (8,) was determined with the help analyzer.
These experiments allowed us to determine also the space distribution of the
diffracted beam intensity. Fig. shows, by way of example, the results of
investigation for € = 0 and N, = 3:10° ¢m2, where | - the diffracted beam
intensity distribution, @, - the angular position of the center of gravity of reflec-

(')a:lL tion curve of the analyzer, W - the integrated
20 ™ width the reflection curve of analyzer. The
1o - //\\ analysis of the results obtained showed that
T WU S S\ the integrated  characteristics  change
7\'{); essentially depending on ¢ and /. Thus, at the
so'E v given value of the deviation angle from the
-~ Bragg position for various regions of
1 diffracted beam the X-rays are scattered at
diffcrent angles. This evidences that for
different ranges of real crystal at the given
L value of ¢ the X-rays have different refractive

0 0.2 0.4 0.mm

indices. The change of refractive index has
been estimated for different ¢ values.
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DEFECT STRUCTURE OF CAST SILICON
AND
OVERGROWN HOMOEPITAXIAL LPE LAYERS

H. Raidt and W. Mdhling
Max=Planck=Arbeitsgruppe " Rintgenbeagung an Schichisystemen ™ an der Humboldt -
Universitit zu Berling Hausvogreiplatz S~ 7, D-10117 Berlin

Cast Silicon is among the many substances which are tested in search for low cost solar
energy conversion, We have accompanicd attempts to grow thick silicon LPE layers with
improved clectrical parameters on two types of cast material: SILSO (10'°B . em ) and
SITIX (10" B+ em™).

Both materials consist of randomly oriented grains ranging from a few tenths to several
10 mm2in latcral dimensions, Most grains contain twins in varying numbers and sizes. The
average dislocation density is 105 - 10% . ¢cm=2 within the grains. In SISO the dislocations
arc often arranged in a cellular structure and in small angle boundaries as revealed by XRT
and by etching. In SITIX clongated dislocations arranged in bushels and bundels are pre-
vailing which, according to TEM, are helical in nature and decorated with particles.

The dislocation arrangement extends practically unchanged into the Epilayer for SILSO.
No helical dislocations are observed in layers grown on SIT1X. Due to the high dopant con-
centration of this latter substrate a high density of misfit dislocations is generated occasion-
ally.

In layers grown with low supersaturation single dislocations do not generate EBIC con-
trast,
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X-RAY DIFFRACTION DISTINCHTIONS IN THE ACOUSTICALLY
EXCITED CRYSTAL WITH MICRODEFECTS.

Raransky M.D., IFodchuk I.M., Novikov S.M., Korovianko 0.J.

Chernivesi Staie University, Chernivisi, Ukraina.

On tie base of results, determined from Takagi equations numerical solutions,is

shown the opportunity of ultrasound utilization like off-beat sounder for contrast

ircreasing of microdefects, not visible in common conditions (ry = 0.16 mkm), and

its aiffraction region size increasing. It is shown, that the ultrasound excitation can

substantionally change the diffraction image
size (Fig.1). This can be attributed by the
intensity redistribution inside the crystal in
dependence of amplitude value \V, that couses
the microdefects diffraction image change.
When W=0.05 A one can see the diffracted
bewm hackground intersity decreasing by 10
times and t' e microdefect direct image
contrast V (V=(Rmax-Ruin) / (Rmax*tRmin))
increasing from 0.39, to 109, (Fig. 1b,).
When W=0.1A one can see Ry}, decreasing by
159, and V increasing up to 1.8%, (Fig.1d).
Qnt. :Fig. lc diffracted wave intensity reachs
the same limits, that durning excutatizan point

evaluation an the hill of the reflecting curve

0.66 4

008

Mok, (660) t=238mkm t,=l0mkm

0[]61
0.42
040
638
-aoe RS n U

(Fig.1a), waere V has the same value (=9%). Besides, at given W value the image

direct compo =at contrast reversal occurs. Consequently the X-Ray diffraction

intensity osci:lating dependence on ultrasound amplitude can be utilized for

microdefects image fine structure reveal and contrast increasing.
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X-RAY TO: OGRAPHIC INVESTIGATION OF a-LilO;
UNDER DC OR AC ELECTRIC FIELD

P. Rejminkovat, J, Baruchel'®’, J, Kuldat?, R. Calemcezuk'y, B, Salee'V
MESRE. BP 220, 38043 Grenoble | France 2L, 156X 38042 Grenoble
SCEA T Dep. Recherche Fondamentale sur la Matiére Condensée, 38054 Grenoble

Several single crystals such as quartz, KDP,... change their behaviour if a static
electric field is applied. This is also true, even in a more spectacular way, for single
crystals of a-LilQs. Under an electric field (102-103 V/em) applied parallel to the ¢-
axis, the Bragg diffracted intensity for neutrons is multiplied by a factor varying from 2
to 10 and enhancements in optical diffraction and changes in diclectric behaviour have
been reported 11,21

The X-ray diftracted intensity of some Bragg reflections is also modified by the
application of an electric field (an enhancement of the diffracted intensity in the low
absorption case) and traverse topographs show many fine lines parallel to the c-axis.
Previous investigations {3,4] of this behaviour under different experimental conditions
suggest a mechanism for this electric field induced reduction of crystalline pertection.
The ionic conductivity of a-Lil0; is non homogeneous over the crystal and occurs
through "channels” parallel to c-axis. A gradient of lattice distortion is established
between these channels and the remaining part of the crystal, leading to a modified
Bragg reflectivity.

Up to now the enhanced reflectivity was related to the fine lines on topographs.
The present work based on section topographs (fig.1) shows, that these striations are
only a secondary effect. The majority of the enhanced diffracted intensity appears to
come from small areas of crystal which form 'planes' nearly parallel to the c-axis and
the main surfaces of the sample and which seem to correspond to growth bands.

The influence of the electrodes used is also discussed. We finally describe and
compare the resulis of topographic experiments and conductivity measurements under
an alternating electric field, which are in qualitative agreement.

Fig.1: Secuon topographs of 137 reflection, A=0.4A, =22 (1 is absorption cocfficient
and tthickness of the sample)

a) k=) I L

DT
i LYY Adv.Science of Ching, Physics 1, p.45, Science Press (Beijing 1985)
i BLISTANOV AA. ctal, Sov. Phys. Crystallogr. 31(4) (1986) 42
13 BARUICHETL | ctal, Phil. Mag. B63, 1051 (1991)
8] SEBASTIAN MUT. et al., Inst. Phys. Conf. Ser. No 103: Part 1, 53 (198Y)
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SI-TAST, COMPOSITE STUDIES BY SYNCHROTRON RADIATION WHITKE
BEAM TOPOGRAPHY AND MULTIPLE-AXIS DIFFRACTOMETRY

.U, Rekl, S.R. Smckz, M. (}(mrsky3

1. Stanford Synchrotron Radiation Laboratory, Stanford, Ca 94309
2. Georgia Institute of Technology, Atlanta, Ga 30332

3. University of California, Los Angeles, Ca 90024

The eutectic composite TaSi,/Si can be grown in the form of a single crystal Si matrix
with rods of the silicide phase grown parallel to the crystal growth direction. The rods
generally have a high degree of preferred orientation relative to the matrix, and the matrix
is highly dislocated (by bulk silicon standards). Rod diameters of about 1pm and inter-rod
spacings on the order of 10pm are typical in the TaSi,/Si system, and double crystal rock-
ing curves of the Si matrix are many times broader then those of dislocation-free Si. On a
scale of 100um and above, however, the composites are suprisingly uniform, This sug-
gests that TaSi,/Si crystals might be useful as wide-band pass x-ray monochromators or
analysers.

In this paper we report characterization studies of a number of TaSi,/Si composites and
also preliminary results obtained using the composites as monochromators or analyzers.
The composites have been examined to date with techniques which include polychromatic
and monochromatic x-ray diffraction topography, x-ray double axis diffractometry and tri-
ple axis diffractometry.
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A VIBRATING MONOCHROMATOR FOR THE E.SR.EF. "TOPOGRAPHY!
BEAMLINE

C. Revoll, J. Baruchell, D, Bellet':?, G, Marot', P. Théveneau!, F. Zontone!
[) Ewropean Synchrotron Radiation Uacilite, BP 220, 38043 Grenoble, France
2) Labaratoire de Spectromérie Pl aque. BP 87 38042 Saint Martin &' Heéres Franee

The small size of the sources (=0.2 mm), the small divergence (=10 in the vertical
plane) and high flux of the X-ray beam are prominent features of the ESRE. This opens new
possibilities for diffraction topographic techniques. The wiy we have chosen o take advantage
of these features is to build & long (140 m), wiggler, beamline, the IDTY E.S.R.F.
"Topography” station [1]. allowing a homogeneous bean of =40 mm * 14 mm,

It appears under these conditions that the exposure time o record i topograph (=0).1
sec) will be considerably reduced when working at the 1D19 station. In addition both the
angular divergence 86 and spectral spread AE/E of the morochromatic beam reaching a point of
the sample will be < 10-5, even when using a simple monochromator (as opposed to a multiple
crystal one). These 8 and AE/E are very convenient for sotie applications, but not big enough
for others (slightly distorted crystals, phase transitions,...). In addition the diffracted energy is
a function of the position within the monochromatic beam section ('wavelength dispersion”),

A solution to overcome the insufticient range of energy and the wavelength dispersion,
is to change periodically, as a tunction of time, the Bragg angle 0y of the monochromator. The
oscillation of the monochromator around the vertical axis should be such that several periods
are included in the exposure time: this implies a frequency range up to 200 Hertz, a value which
iy substantially higher than previously 121,

We have tested several options to vibrate the 0.3 mm thick silicon monochromator
diffracting in the transmission 'Laue’ mode. A piezoelectric device appears to be unable to give
the required amplitude, and heats when used during extended periods (= 10 minutes). A ‘door
bell' like coil solvey the amplitude problem but presents a non reproducible rest position. partly
due to the friction. We retained a vibrating device based on a triple pole electromagnet and a
SmCos permanent magnet (fig 1), The initial monochromatic beam topographs show that this
device exhibits the expected performances both for the amplitude and the repradactibility of the
‘rero’ rest position,

SmCag permanent magnet Retatior avie

Three poles
clevtmmagnet

Siarystal

et beam

Pig, 1
thattradied beam
O BARUCHEL T SARTWIG e b ZONTONE Noh Hoad Neas 710 juad,
U GRARTE and KOWEE LSRN b SN R scn o an b Chemdooy 3 i T
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INVESTIGATION OF THE RELAXATION BEHAVIOUR IN STRAINED
SUPERLATTICES USING GRAZING INCIDENCE DIFFRACTION OF
SYNCHROTRON RADIATION

D.Rose and U.Pietsch’, A.Forster’, T.A.Metzger®,

'Institut fiir Festkdrperphysik der Universitdt Potsdam, I3-14415 Potsdam,
Germany

Forschungszentrum Jilich, Institut fiir Schicht- und lonentechnik, - 52428
Jilich, Germany

'Sektion Physik der Universitdt Miinchen, D- 80539 Miinchen, Germuny

Lateral lattice matching is only possible up to a critical thickness t,, beyond which
misfit dislocations are created at the interfaces. For single layers of Gag, lng,As on
GaAs it amounts to 19 nm. In the case of superlattices (SL) the critical thickness
depends on 1) the In- content, 2) the total thickness of sl tw = (4, 4+ 4 )n = tgn
(tg.: SL.- period, n: number of periods) and 3) the thickness ratio , /t, .

In order to unterstand the mechanism of relaxation we have investigated the depen-
dence of t, on the thickness of the barriers t,. The real structure of the SL. was in-
vestigated measuring conventional rocking curves and reciprocal space maps. The
in-plane parameter were measured using grazing incidence diffraction of synchrotron
radiation. The depth dependence of the relaxation degree can be determined by mea-
suring the rod scans of the in-plane Bragg-peaks at different angles of incidence |1].
The shape of the rod-scans is influenced by the real structure. The amount of the
real-structure-ctfects is correleted to the degree of relaxation. Because of the imper-
fections a kinematic description of the experiments is sufficient.

Although the thickness of the Gay,Ing,As layers were chosen smaller than the critical
one, partial relaxation of the superfattices was obtained for barrier thicknesses bet-
ween 2 nm and 30 nm. In contrast to our former investigations [2] we found a ho-

mogenous relaxation state over the whole depth of superrlattice.

This work was supported by the BMFT No 05 5IPAAI 8.

(1] U.Pietsch, Proc. in Physics, Vol 61 Surface X-ray and Neutron Scattering,
Ed. H. Zabel and 1.K. Robinson, Springer Verlag 1992, 223

[2} U. Pietsch, H. Metzger, S. Rugel, B. Jenichen and 1.LK. Robinson, J.Appl. Phys.
74, 2381 (1993)
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DYNAMICS OF ROCKING CURVES IN STRAINED (001) Si
CRYSTALS UNDERGOING ULTRASONIC EXCITATION

B.Sander, E.Zolotoyabko and Y.Komem

Deparmment of Materials Engineering, Technion-Israel Insriture of Technology, Haifu
32000, Israel

Dynamical X-ray diffraction under high-frequency ultrasound (US) was recently
found to be very sensitive to small strains in almost perfect crystals [1]. US with a
wave vector [Ki larger than the characteristic gap of the dispersion surface stimulates
interbranch scattering processes that lead to various modifications in the diffraction
profiles, depending on the strain level € of the sample and on the US amplitude w.
When the dynamic strain 8=21kiw induced by US exceeds the intrinsic strain €, a
broadening of the diffraction profile is expected due to satellites formation on the
acoustic superlattice. In the opposite case, 8 < €, the interbranch scattering processes
reject part of X-rays from the diffracted beam, resulting in a narrowing effect of the
diffraction profile. This narrowing cffect was first observed by us in double-crystal
diffraction (DCD) measurements of rocking curves in slightly deformed Si crystals (2].
Here we present results of the rocking curves shape dependence on the US amplitudes.

DCD measurements were carricd out in the Bragg geometry with CuKg-radiation on
(001)Si. The samples were attached to a LiNbOj piezotransducer by hardened
photoresist (with overlapping surfaces as shown in the insert in Fig.1). The transducer
generated surface acoustic waves with a resonant frequency of 293 MHz, (004)Si
rocking curves were taken at different applied voltages (V) on the piezotransducer.
The dependence of the rocking curves width I' on the applied voltage (V) is shown in

Fig.1. I'(0)-value corresponds to a strain level of €=2-10"% introduced by the gluing
procedure. T vs. V clearly demonstrates the narrowing-broadening transformation of
the rocking curves under US influence. This result is of a great importance for the
cstablishment of a new strain analysis method based on combined use of DCD with
Us.
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1. E.Zolotoyabko, B.Sander, Y.Komem , B.Kantor. Appl.Phys.Lett. §3 ,154 (1993).
2. E.Zolotoyabko, B.Sander, Y.Komem , B.Kantor. Acta Cryst. A 50,253 (1994).
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A novel experimental setup for grazing incidence and extremely
asymmetrical x-ray diffraction
M. Schmidbauer, R, Opitz, and R, Kaihler

Max-Planck-Arbeitsgrappe "Rentgenbengng ™ an der Hanboldr-Universitdr qu Berlin,
Hawsvogiciplatiz 37, D-10017 Berlin, Germany

Grazing incidence diffraction and specular x-ray reflectometry ¢including offspecular diffuse
scattering) are now two standard techniques which are extensively applied to - structural
characterization of  thin films and interfaces. The combined use of both methods makes it
possibie to obtain

(i) ‘density” information (layer thicknesses, thickness fluctuations, vertical density profiles),

(1) structural information on mesoscopic scale (interfacial and surface roughness, correlation
lengths) and, finally,

(iii) structural information on womic scale (lattice parameters and relaxation: depth sensitive
measurements).

We  present here an experimental setup for grazing  incidence  diffraction,  extremely
asymmetrical x-ray diffraction and specular/offspecular x-ray reflectometry. However, three
muain differences as compared to previous scatlering geomeltries are present

e we use the entire horizontal line focus of o rotating anode (12 kW, the dimensions of the
focus are typically 0.5 mm x § mm) without any further geometrical reduction by slits. This
geomietry applied on a horizontally mounted sample ensures a considerably higher intensity
without loosing vertical collimation.

o the collimator system can be turned around the diffracted beam. We are, therefore, able to
collimate the incidence beann with respect to various spatial directions. The collimator
system consists either ol a symmetrical Ge channel-cut combined with a soller slit or of an
asvimmietric Bartels collimator ¢ 07 angle of incidence ) with two nuscut Ge 220 channel-
cuts. Due o simutations botly geometries should vield 1o comparable count vates and
resolution.

o cxtremely asymmetrical reflection geometries (grazing incidence and oblique exit) are also

accessible, Thus, itis possible to investigate relaxation in different spatial directions.

The design and the capabilities ol the instrument will be discussed with regard 1o applications,
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THREE CRYSTAL DIFFRACTION STUDIES ON OXYGEN
INDUCED DEFECTS IN ANNEALED C7 SILICON CRYSTALS

T. Schmidt,R. Bouchard,U. Ritt and J.R. Schneider

Hamburger Synchrotronstrahlungslebor HASYL AL

al Deutsches Elektronen-Synchrotron DESY . Nolkestr. 85 D-2 603 Hambury
W. Zulehner

Wacker Chemitronie (Cmbll. Postfach 1140, D-84]89 Burghausen

In Czochralski (CZ) grown silicon oxygen is the most important impurity, Upon
heat treatment at 750°C oxygen atoms diffuse through the lattice to produce small
agglomerates which grow into precipitate particles of silica {S§i0;). Further an-
nealing at 1050°C or 1200°C leads to the generation of dislocation loops and/or
the formation of stacking faults. Three series of C7 silicon crystals containing
7.5,9.9,18.1 - 107 em ® oxygen atoms were measured. Three samples of cach series
had been annealed for 24k, 72h, 216h at 750°C, two samples had been preanncaled
for 24h at 750°C and then further annealed for 20h at 1050°C or 1200°C.

The size and number density of the §i0; precivitates have been determined with
Small Angle Scattering (SANS) at the ILL, Grenoble [1]. In addition to SANS the
defect scattering was mapped out in k-space at the same samples by means of the
high resolution three crystal diffractometer for high energy synchrotron radiation
installed at the HASYLAB wiggler laboratory. The diffuse scattering was measured
with 100 keV synchrotron radiation at reflection 220 in its projection onto the [110]
zone.,

The diffuse scattering measured at the samples annealed for different periods of

time at 750°C was identified to be related to Si0O; precipitates [2]. Nearly all sam-
ples showed additional diffuse streaks of scattering along the [001] direction. The
FWHM of those streaks is increasing with the distance to the reciprocal lattice point.
According to Larson&Schmatz {31 dislocation loops on {111} planes with Burgers
vectors in - 110+ directions could cause this diffuse scattering, Their diameters

are of the order of 1000 4.

Diffuse streaks along - 111 - directions were found in the samples preannealed
at 750°C and then further annealed at 1050°C or 1200°C. Along the [111] direction
the FWHM of the streaks is constant. The asymmetry of the diffuse scattering in
the [220}-zone indicates, that these defects are of extrinsic nature. Model calcula-
tions [3] identified these streaks as diffuse scattering from stacking faults lying on
~ 111 . planes. Their diameters depend on the annealing history of the sample and
vary from about 10000 A up te 10000 A.

[1] S. Messoloras,J.R. Schneider R.J. Stewart&W. Zulehner
Semicond.Sci. Technol. 4 (1989) 340

2] P.H. Dederichs  J.Phys. F3 (1973) 471

i3] B.C. Larson, W. Schimatz  phys.stat.sol{(b) 99 (1980) 267
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High-Resolution X-Ray Diffraction and X-Ray Standing Waves Analyses
on AlAs/GaAs Short-Period Superlattices

M, Sc'lulsler1-2), A. l,cssnmnnz), A. Munkholm?), S. Brennan?),
G. Materlik2:3) and 11, RicchertD

/) Siemens AG, Corporute Research and Development, ZFE BT MR 3,
Otto-Hahn-Ring 6, D-81739 Munich, Germany.

2) Stanford Synchrotron Radiation Laboratory SSRL,

2375 Sand Hill Rd., Menlo Park, CA 94025, USA.

5 Hamburger Synchrotronstrahlungstabor HASYLAB,

Notkesir. 85, D-22603 Hamburg, Gernany.

The state-of-the-art approach to study the structural parameters of superlattices (SL.) is
(high-resolution) X-ray diffraction ((HR)XRD) which measures the elastically
scattered photons. This method can be extended by measuring simultancously inelastic
signals excited internally by the X-ray standing wave (XSW) field which is generated
in the reflection process. Recording element specific inclastic signals provides a
unique way to determine the position of the excited atoms. We have applied the
measurement of the element inspecific but more intense photocurrent for the structural
characterization of the superlattice.

The measurements were performed with 5.30 keV and 8.05 keV photons from the
synchrotron radiation source SPEAR at SSRL using a double crystal monochromator.
The well collimated and monochromatized synchrotron radiation beam of high inten-
sity enabled us to extend the HRXRD measurement to a wide angular range showing
the complete set of satellites between neighboring substrate reflections. Thereby, a
non-coincidence of the AlAs/GaAs satellite groups belonging to GaAs(002) and
GaAs(004) is observed, which results from an incommensurate modulation of the
superlattice. By comparison with kinematic diffraction theory, from the satellite
intensities, the Fourier coefficients of the modulation can be determined. ‘This gives a
straightforward description of the AlAs/GaAs superlattice unit cell and its interfaces.

The simultancously measured photoelectron yield shows a clear modulation due to the
GaAs(004) substrate reflection, the Oth order AlAs/GaAs SL reflection and the thick-
ness fringes. At the Oth order SL reflection the wave field is aligned to the average
lattice plane distance of the AlAs/GaAs SL. The modulation of the photocurrent is a
measure for the ratio of coherently and incoherently positioned atoms with respect to
the average lattice plane distances. The shape of the photocurrent signal at the
GaAs(004) substrate reflection is caused by a moiré¢ cffect which leads to a different
shape compared to the shape of the Oth order SL reflection. The moiré effect turns out
to be present in many heterostructures. It offers a further criterion to differentiate
between layer and substrate peaks. The XSW measurements are compared with
dynamical calculations of the depth dependent X-ray wave field.

Two of us (G.M. and M.S.) are grateful to the Volkswagen Stiftung for sponsoring
theses studies through a grant to Stanford University.
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GROWTH AND REAL STRUCTURE OF UREA CRYSTALS
1.I.Smolsky, N.P . Zaitseva*, S.V. Bogatyreva*

Dise.of Crvstallography, Russian Academy of Sciences Moveow
S Facudty of Physicos, Moscow State University, Kussia

Urea s a promusing material for non-lincar optics. Crystals have been grown
from methanol solution by reduction of temperature in the range 45-25 'C.'Fhe average
growth rate along the Z axis was within 0.15-0.25 mm/day.

Real structure of crystals was studied by X-ray projection topography (Lang
method).  Zonal and sectorial structure as  well as surface morphology and ar-
rangement of dislocations in urea correspond to growth by dislocation mechanism.
Almost all grown-in dislocations observed were of mixed type (see table).  There are
dislocation-free areas in the central upper part of the crystal, Stresses arising, du-
ring growth raise redistribution and interactions ot dislocations.

The step-like change of the growth temperature of 0.05°C followed by tormi:
tion of macrosteps and liquid inclusions. They can act as local sources of secondary
defects - slip dislocations generated in {110}, {111} and {001} planes of easy slip.
Frank-Read sources have been observed in {111} slip planes.

GROWN-IN AND GLIDE DISLOCATIONS IN UREA CRYSTALS

N Type of Angle to Burgers Growth sector  Remarks
dislocation C axis,” vector

1 mixed 12-15 001 {tit} grown-in
2 mixed 3l ! {1 grown-in
3 mixed 4 <lil>.<11> (1ib. (A7) grown-in
4 mixed 08 ) (11l grown-in
5 edge 90 <10>.<1i0> (11l grown-in
6 edge 90 <110> . <10> (1.1 glide

7 52 <10>,<1io> i,y glide

8 9 7 b (i glide.{110}
0 v 90 ) (1T glide. {001}

It tfollows from topographs observed that the stability of the temperature during
growth should be better than 0.01° C for growing crystals of high quality enough.
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X-RAY TOPOGRAPHY OF FACETS IN
GaSh SINGLE CRYSTALS

7. Sourek and J. Kuh
Institute of Physics, Academy of Seicners of the Czoeh Republie
Cukrovarnickd 10, 16200 Praha 6, el Republic

The - > GaSh single ervstals grown nsing the Czochralski techuique
withont encapsulant in an atmaosphere of Hlowing hydrogen were studied in order
to evaluate the distribution of tellorium concentration. No facels were formed in
nndoped GaSh, while in the case of Te-doped crystals the facets have appeared
at the centre of the GaSh howl. ‘The formation of facels is dependent on the
temperature conditions in the growth surface and on the level and the nonhomo
geneity of dopant concentration near to the growth interface,

The quality of the crystals was characterized by X-ray topography. We
employed the method of douhle crystal spectrometer in the parallel position and
we used Bragg case geometry, Several types of GaSh crystals with diflerent ‘Te
concentration were chosen for this study.

We nnderstand by facet such a macroscopic part of the crystal, where the
vatiations in the morphology of striations with vespect to the nonfaceted region
are observable. Parallel growth striations indicate a planar solid/liquid interface
in the facet, contrary to the circular ones in the nonfaceted region. Facets in
this sense display many times higher Te concentration and different character of
elched snrface with respect to the nowfaceted region. The higher concentration of
Te in certain range causes the change from p Lo n-type conductivity., The origin
of the facets conld be explained by poor stivring conditions of the melt near the
cetiter of growth rotation and/or by step by step growth mechanism from the
supercooled melt at the center of rotation in contrast to the continnous growth
at the periphery. The sharp facet houndary and the growth striation indicate
that the lalter reason is more relevant,

The distribution of carrier concenivation in the portion of GaSh crystals
where the interface between poand n- Lype conductivity has ocenrred was exami-

ned and the interpretation of the inhomogeneities observed was suggested.
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X-RAY DIFFRACTION INVESTIGATION OF THE PECULARITIFS OF THE
ELASTIC STRAIN RELAXATION IN LATTICE MISMATCHED
HETEROSTRUCTURES GROWN BY MOCVD

R.Stabenow (a). A.Haase (a). N.Faleev (), LKochnev (b), A.Dwmitriev (b)

() Research and Applicanon Division, Rich. Seifort & Co., Bogensy 41, 1022020
Ahwenshursy, GERMANY

(h) AL doffe Physico-Techmcal Inste (P11), Poluckincheskaya 26, Si'etershurg,
194021, RUSSIA

High resolution X-ray difftaction interference and ditterential methods were used for
the characterization of epite 1al growth and clastic strain relaxation processes in InGaAs
and (AlGa)lnAs cpitaxial layers grown by MOCVD technique. X-ray diffraction
investigations were made by using a SEIFERT XRD 3000 HR system cquipped with a
monochromator for the primary side (2 Ge channel-cut crystals in (f.--1)
configuration, 220 reflection) and for the secondz y side (flat Ge(220) analyzer crystal)
The samples investigated were grown on precisely oriented GaAs(001) substrates. The
InGaAs/GaAs double heterostructures represented Ing,GagsAs quantum wells of
various thickness from 8 nm up to 31 nm and cap GaAs layer. The other kind of
investigated samples were (Al sGay s)ogzIng 1xAs epitaxial layers with thickness from
100 nm up to 400 nm grown cither immediately on GaAs substrate (type I) or on the 2
pum Al ssGay 4sAs buffer layer (type 11).

The results of the investigation of InGaAs QW are that the process of elastic strain
relaxation leads to the appearence of different structural detects which change the
growth conditions and clastic strain in the heterostructure. The strong correlation
between InGaAs strained layer thickness, types and density of generated defects, degree
of elastic strain relaxation in heterostructures was shown, too.

For (AlGa)lnAs/GaAs heterostructures the process of elastic strain relaxation in
structures of type | leads to the common type ot relaxed crystal structures with
homogeneously distributed dislocation networks. The investigation of the second type of
heterostructures shows that another type of relaxed crystal structures appears. This
means that during the process of relaxation in clastically strained epitaxial layers two
areas with signiticantly different extent of relaxation arise In strained layer there is a
"block" ciystal structure which consists of rectangular blocks (size about 10-12 pm)
with low density ol dislocation networks (about 10%cm?) near the interface with
(AlGa)lnAs These blocks are separated by vertical dislocation walls oriented in-plane
along {110} direction with extremely high dislocation density (up to 10%cm?). The
increasing of the thickness of the (AlGa)lnAs laver results in the increasing of
distocation density in the walls and hence to increasing of the elastic strain in those
areas. It teads to the propagation of these dislocations into the bottom AlGaAs layer and
hence to further decreasing of its erystal perfection This allows 1o suggest the strong
correlation between the type of clastic strain relaxation and the existence of bufter
AlGaAs layer or, in general, between the process of clastic strain relaxation and initial
stage of epitaxial growth The result of the preliminary investigation of similar samples
additionally containing (AlAs-GaAs)SL. is that the critical thickness of the strained layer
may be exceeded three to five times.
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HIGH RESOLUTION X-RAY DIFFRACTION CHARACTERIZATION
OF Ge/Si/GaAs HETEROSTRUCTURES

T.W. Stley', ].K. Wade', G.E. Crook?, S.L. Danicl' and R.J. Matyi'
‘Marerials Science Program, *Dept. of Electrical and Computer Engincering,
‘Dept. of Materials Science and Engineering, University of Wisconsin,
Madison, WI 53706 USA

Heterostructures consisting of alloys of the Group IV elements Si and Ge with GaAs have
attracted attention, since band structure calculations have predicted that the addition of S
to GaAs should increase the bandgap of dilute (GaAs),,(5i,), alloys with the bandgap
remaining direct up to x=0.2. In (GaAs),,(Ge,),, the alloy is predicted to have a direct
gap up to x = 0.8 while exhibiting a local minimum in the conduction band at x=0.3. In
order to achieve these properties, it is necessary to fabricate (GaAs)(Group 1V) alloys
withou!. the potential degrading influences of lattice parameter mismatch, polar versus non-
polar growth, and the prospect of order-disorder transformations. In the present work,
we heve used both double- and triple-crystal x-ray diffraction to study the structural
characteristics of Si/Ge and Ge/GaAs alloys grown on GaAs substrates by molecular beam
epitaxy (MBE). We have determined an optimized growth recipe for Ge/GaAs alloys in
terms of four major growth parameters (substrate temperature, GaAs deposition rate, As,
overpressure, and Ge mole fraction) by using the width of the alloy layer 004 reflection
in a high resolution triple crystal transverse scan, which directly measures the range of
angular misorientations in the layer independent of lattice dilations or strains. The
optimized MBE growth environment was then used for the deposition of Ge-Si alloys with
high structural quality on GaAs substrates, even though the growth of crystallographically
perfect layers would be expected to be complicated by the diamond-on-zincblende
materials system and the transition of the pseudomorphic strain from compressive to
tensile with increasing Si mole fraction. The presence of well defined interference
fringes in double crystal x-ray rocking curves showed a high level of structural perfection
in layers with silicon mole fractions less than approximately 7.5%; subsequent increases
in the silicon content led to an abrupt relaxation in the pseudomorphic strain in the SiCe
alloy layers. Triple crystal diffraction scans from the same samples (see below) exhibited
a continuous increase in the intensity of the diffuse scattering about the 004 reciprocal
lattice point of the epitaxial layer, suggesting either the generation of dislocations or the
nucleation of point defect clusters with increasing Si content. The physical origin of the
diffuse scattering will be discussed.

"
" [ (lefty Triple crystal x-ray
s ! diffraction scans from Si/Ge
10 B alloy layers grown on GaAs;

1,8 | the 004 reciprocal lattice point

L M ] R from the GaAs substrate is

Fi ' centered in each illustration.
oy ’ The approximate Si mole
8 ' fractions estimated from
» ! 65% Si double crystal rocking curves
2

~~~~~ G are given with each scan.

180

-



A DIRECT OBTAINING OF STRAIN PROFILE FROM
X-RAY ROCKING CURVES
A.A.Stepanov
Instinue of Mathematics and Compuater Science, University of Latvia, Rainis blvd. 29,

Riga LV-1459, Latvia

A study of multilayer crystals by X-ray high-resolution diffractometry
proposes to obtain strain and damage depth profiles by the solving of the inverse
problem of X-ray rocking curve interpretation, In this way the phase problem and
numerical methods are severe. For the simultaneous solution these both problems
in the discrete kinematical approach to the X-ray diftraction the method ot Fourier
coetficients (Stepanov. T994) is presented. This method is based on the analysis of
rocking curve Fourier coefficients and was carlier applied for graded layers
(Stepanov, 1992 1994) and three-layer laser heterostructures in the system AlGaAs
(Stepanov, 1992y as well as for superlattices in the svstem Sice (Stepanov &
Liepinsh, 1993).

The method has some important advantages, so in the case ol superlattices,
it does not need the dentification of satellite orders, it the superlattice period
consists of N Tavers it allows o find 2N equivalent in some sense strain profiles.
Using many rocking curves measured for ditterent values of absorption coetticient
it allows to reduce the pverse problem to the selving of Tinear sdgebraie svstem with
Vandermonde's matrix. We note Petrashen & Chukhovskiie TY89, Lave solved the
problem using two rocking curves and wnalytic contmuation of them, as s well
known, the Iater problem is ill-posed one.

Reterences
Stepanov, AA. (1994). J. Appl. Cryst. 27, 7-12.
Stepanov, A.A. (1992). Kristallografiva, 37, 1122-1127.
Stepanov, A.A. & Liepins, A. (1993). Proc. Lanv. Acad. Sci. No.6 (551), 53-57.
Petrashen, P.V. & Chukhovskii, FLINL (1989). Sov. Phys, Dokl 34, 957-959,
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ACCOUNTING FOR INTERFACIAL ROUGHNESS EFFECTS IN
GRAZING-INCIDENCE X-RAY DIFFRACTION BY MULTILAYERS

S.A.Stepanov and R.Kaohler
MPG-AG "Rontgenbeugung”, Hausvogteaplat= 5.7, 110017 bserln. Clermany

Recently, the grazing-incidence N-ray diffraction (GHD) hax heen experimentally
demonstrated to provide extensive informations on seniicordictor multifavers How
ever, the quantitative interpretation of these data requires o proper theony

In {1.2] a new theoretical description of GID i mudtilasers Bias been developed
In this method the solution of the extended dynianical diffiaction cquations was
obtained in the form of a product of (1« 1) charactenstie airces ot the Javers
In [2] this approach has been espetimentallv proved to e adequate for petfect
multilayers.

Here, the extension of our viatrix approach {121 1 reported where the sur we
as well as uncorrelated interface ranghness and transition lavers m mndtlavers are
taken into account.

The proposed theoretical approach is applicable for the simmlation of effects of
various multilayer defects on GID: roughness at interfaces between lavers, Huetua
tions of layer thickness and density, partial disorder of erystalline structnee, presence
of transition layers etc.

It is proven by means of computer simulations that swall interfacial roughness
and thin transition layvers in multilayers have a similar effect onto GUD. In the case of
superlattices (SL) the roughness and the transition layers result in the aceeleration
of the overall intensity drop with increasing glancing angles between X-rays and the
surface and in the intensity decrease of high-order Sl peaks. The transition laver

thickness or the rms roughness height can me measured due to these effects,

[1] S.A.Stepanov: Kristallografiya 39 (1994) 221,
[2] S.A.Stepanov, U Pietsch, G.'T.Baumbach: Z.Phys. (1994)  submitted,
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ACCOUNTING FOR NORMAL LATTICE STRAIN EFFECT IN THE
THEORY OF X-RAY DIFFRACTION UNDER TOTAL EXTERNAL
REFLECTION CONDITIONS

S.A.Stepanov and R.Kohler
MPoAG TRaontgenbe uqung” Hawsvogtaplat: 5-7. D107 Berlin . Giorimany

Lhe ae taal deptic w abes i tnodern e roedectronies has beecotne s iy s few atonn

monobaver~ 1 bt reakes meppin abie comventionel Noran diffrac s o cantrolhing

ity Tee Lot ai gereaeene et the et tpon et o s N s Etfrae tror
s abor 3 T Fhoo poabiben 1. XTI T PR T N TR PP L PRI
wohentes whete N tay heanes are @i aiong the op otal carhae Fhe et tig

'g,.ng’h b veabrpeesd Phiere tee ot e o e N ran todal e xteina oot el

Thiee rrotonage © o vt oty et et s the aocalledt pie sy sl s
Jihrac oo 0D et b s ettt taa onovde et and B tedd N W o
prasing 4 tterrar et Gl s swe vedpdyl s egting e st et
[ R N A TS R R ..‘-.-4.1(.”21 .U\‘u.'.ﬂ‘ Tes Tt [ T N PRI YR
'I]" fater . I N T A S L I RO | oy oot an ‘¢“) v e Ty vt
st e bl T ee Tty [T 1% SR U PR BT

T hos te atsetie i a-y et Noras chiffrae o ONE VY e e ey

it l(’r:nv' R I B P A oo e b rrneet om0 +
atidhies o Ui o carbae C dan e i atlae G s oqs e The alt e oree e et
with o !un.u!--fﬂ\ T P P N YIS I S LR TEEN PRI R

| T S PO R R L BN TR L L I W AN A B 1
sl oy e and manithas o oware ottnal attice rasn T paopeendd adeonithe s
Branered ot o terde et e sedbae e Theers Wb e e et Lo Y e
adar retbea o aand e be o I P Proos b entetic o, o T ot ooy atian o
GHD o nandtdevers developed socontin a0 Tl apgpoach oo apegeio abide te

asymmetric Lill) where both Noray waves are grazing.
The comprited program based on the deseloped algonithon ivous a T the demon
stration of the advantages of XEF ALY o studvig faltne strams ot davess, 1
particular, 1t s shown that i the svignetteal 280 reflection the maxinn reflec
tivity of a strained G surface Jover of 16 i thickness (X 2,0 ~ 10 ") on a (e
crystal is only 2 10" Therelore the javer effect hardly would be detectsble in the
Bank of the substrate Hragg peak. With XEAD the same layer may provide about .
~ 0% of :he substrate Bragg peak intensity in some noti-coplanac cases.

(1] §.A Stepanov: Kostallografiva 89 (19843 121,
{21 . A Stepanov, U Pietsch, G T Banmbach: 7. Phys (198H)  submitted.
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AN ADVANCED METHOD FOR COMPUTATION
OF N-RAY MULTIPLE BRAGG DIFFRACTION

S.A.Stepanoy and A P.Ulyanenkos
In_‘h{qll /.u Neivear Foahl o \l;.'.‘L YHD) ) //' il'apu.’n[“ ot “1!'4.'-':,'.
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N

delectin cscentdiiny e are the nni vedtars alone Noray polarizations: ‘_'l.,,,,

St e shoecnn b ot Bl P o the rectangadar PN 2N matrie

§ - (QL j;l;] L_(;);l) } 2NV5 rows,

A RRUA TORUA Y

where matrix 7o the anit diagonal matrix, O ave zero rectangular matrices, P s
the transposed matrix of 2 apd N and Vg are the numbers of Bragg-case and
Laue-case X vay beams.
The proposed method has been implemented in a program and its validity has
beens proved with the test computations. ln some cases the computation rate in our '
method is significantly faster than in [2] as the order of the matrices is proportional ' '
to the number of grazing beams whereas in (2} it is fixed.
We believe that our program can be successfully used in applications of X-ray
multiple diffraction 1o crystal surface studies and in mualti-beam optics of X-rays.

IV G.kohn, Soe. Phys. Solid State Picgs. 18 (1976) 2538, ‘
2] R.Culella, Acta Cryst. ASQ (1974) 11, | _ :
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X-RAY DIFFUSE SCATTERING FROM EPITAXIAL
CoSi,/Si/CoSi, LAYERS ON Si(111)

J. Stettner, L. Schwalowsky, W. Press
lustitut fiir Experimentalphysik, Christian Albrechts Universitat Kiel,
Leibnizstraie 19, D 24008 Kiel, FRG

C. Schwarz, H. v. Kanel
Laboratorium fur festkorperphysik, F'TH Honggerberg, CH 8093 Ziricl,

Switzerland

huowledge of the ronghness parameters e the tas ronghness, the i plane correlation
function of the interfares and their influence on cach other coonforimal tonghnesey < of
practcal interest The fabrnication of miucroclectrante devices denamds for extremely thin
inctalhic Klmes with lngh electtonmie condic vty whieh s severely degrad «d by merfacial
tenghness,

X ray measurcments of both the spealar and difise coattenmg v the tange of total ox
ternal reflection were performed with a CoS, oS0 CoS Sl daver system produced by
molecular beam epitaxy iNMBE) 1 The imterpretation of the dithusels scattered intensity
was done within the distorted wave Horn approxiamtion tDWHA 20 23 ncuding the
effect of conforinal roughness /4, Fits were performed on all measurements cspeclar.
longitudinal diffuse. detector and transverse scans) simultaneousiy,

Conformal roughness of the interfaces of @t least one ol the thin Cosg Tavers was found,
whereas correlations between the interfaces of the barued Silaver could be exehided
Lateral correlation lengths are in the range of the average distance between two mono
layer steps. The small magnitude of the roughness of the buried wterfaces of this special
sainple, however, renders an exact determination of the lateral correlations very difficult.,
The measurements were carried out using CuK, radiation of an 18kW laboratory source
and synchrotron radiation frotn the storage ring DORIS 111 at HASYLAB (Hamburg) on
the wiggler beamline (station ROEWI) with a wavelength A=1.650 A,

/1/ H. v. Kinel, Materials Science Reports 8 193-269 (1992).
/2/ S. K. Sinha, E. B. Sirota, S. Garoff, H. B. Stanley, Phys. Rev. I3 38 2297 (1988).
/3/ D.Bahr, W.ress, R. Jebasinski, S.Mantl, Phys. Rev. B 47 4385 (1993).

/4/ V. Holy, T. Baumbach, Phys. Rev. B 49 10668 (1994)
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HIGH RESOLUTION SYNCHROTRON X-RAY DIFFRACTION
TOMOGRAPHY OF POLYCRYSTALLINE SAMPLES

S.R. Stock', Z.U. Rek?, A. Guvenilir' and D.P. Piotrowski'
Sch. Materials Sci. Eng.. Georgia Inst. Tech., Atlanta, GA 30332-0245 USA
3SSRL, Stanford Univ., Stanford, CA 94309-0210 USA

In understanding the macroscopic response of polycrystalline structural materials to
loading. it is fregquently essential to know both the spatial distribution of strain and the
variation of micro-texture. Most methods for mapping strain and for mapping micro-
texture on a scale of 100 um are intrinsically two-dimensional: samples must be serially
sectioned to determine variations normal to a sample's surface. In the case of Al-Li
2090, for example, changes in the through-thickness texture are thought to be the
reason this alloy exhibits fatigue crack propagation rates an order ot magnitude better
than those of other Al alloys. [ one iy to study the evolution of strain throughout such
samples® lives. however, then a non-destructive. high resolution methed of mapping in
three-dimensions must be developed.

This paper describes several approaches used in developing high resolution synchrotron
x-ray diffraction tomography of polycrystalline materials. Preliminary experiments at
SSRL are reported on partially cracked compact tension samples of Al-Li 2090 and on
model samples comprised of many randomly-packed. millimeter-sized preces of Si
wafers. Polychromatic beams collimated to 100 um diameter have been used, and the
results indicate that further colbmanon will not fead to prolibitive increases in data
collection tumes. ‘The distnibution ot diffracted intensity has been collected on high
resolution x-ray film as well as on image storage plates, and, as the streaks from
different hk! run together, Mo filters are placed in the incident beam to proguce a large
change in contrast on the detection medium at the posihon separating gr.ams diffracting
wavelengths just above and just below the K-edge. Micro-texture napping in the
compact tension samples is performed by translating the sample, ditierent orientations
of the incident beam are also used. Depth information is obtained by observing how
the spatial distribution of diffracted intensity on the detection medium varies with
changing sample to detector separation. The "polycrystalline” Si samples have been
used to investigate how practical this approach is. ™echniques for measuring the
average strain within gruins and for mapping the vaiation of strain as a function of
three-dimensional position have also been investigated and will be discussed.

,.
[ 2
)




i
g~

[ T

~emp——y +

X-RAY DIFFUSE SCATTERING IN LANGMUIR-BLODGETT-MULTILAYERS
PREPARED FROM FATTY ACID SALTS '

R.Stoemmer, J.Grenzer, J.Fischer and U.Pietsch

Institut fiir Festkirperphysik der Universitdt Potsdam, D- 14415 Poisdam, Germany

Multilayers from fatty acid salts can be prepared by the Langmuir- Blodgett technique.
They exhibit a perfect lamellar stacking along the surface normal. The spacing is
determined from the angular distance mnong the small angle Bragg peaks ineasured up
to many orders using X-ray specular reflectivity. From the slape of intensity along ¢,
the evaluated interface roughness between the metallic counter ions is of the order of
one ionic diameter only. Along q, the filins show a strong diffuse resonant scattering
which varies with the periodicity of the multilayer, Its intensity depends on the
scattering power of the respective counter ions and vanishes in case of pure acid filins.
Along g. we found 1 continous slope without resonant peaks but sharp Yoneda wings
appear [1]. The curves can be described by a vertical correlation of 2-3 spacings and u
lateral correlation length of the order of 1000A using Sinha's approach| 2] of the diffuse
resonant scattering,

However, the in- plane struciure of tilms is characterized by a powder like order. The
atmmphiphilic molecules are arganized within 2D domains baving a diameter between
100A and | um surrounded by notordered material. Among the domains the tilt or
hydrocarbon chains s mndomly distributed against the surtace normal but it changes
within the domains, 100. Due 10 this real structure Sinha's imadel is inequate o desenbe
the interfuce properties of our films, Therefore we describe the ineasured dittuse
scattering by an other model. It respects the statistical dependence of the domain order
and neatly vanished interface roughness. The respective results are compared with
simulations petformed in terms of Sinha's approach.

{1} U.Pietsch, T.Barberka, W.Mahirr, T.H.Metzger, Thin Solid Films, 1994 in press
{2] S.K.Sinha, E.B.Sirota, 5.Garoff and H.B.Stanley Phys. Rev.B38 (1988)2297
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DEPTH SENSITIVE X-RAY SCATTERING TOPOGRAPHIC OBSERVATION OF
MBE GROWN InAs ON GaAs

Yoshifumi Suzuki, Yoshinori Chikaura and Hidek} Kii

Department of Physics, Faculty of Engineering, Kyushu Institute of Technology,
Sensui-cho, Tobata-ku, Kitakyushu-shi, 804 Japan

X-tay scattering topography, which the present authors proposed.!*=) has been
successfully applicd to, latticc-mismatched heteroepitaxial layer systems, an MBE
(molccular beam cpitaxy) grown InAs on GaAs, MO-CVD (metal-organic chemical vapor
deposition) grown GaAs on Si and InP on Si. of which systems have crystal mosicities
which gave a local rocking curve of X-ray diffraction as broad as several hundreds are see.
Since, for such a locally imperfect crystal, conventional X-ray diffraction topography (c.g.
Lang-camecra) provides little significant information, X-ray scattering topography has been
applied to characterizing lattice-mismatched heteroepitaxial laver systems.  Personal
computer assisted X-ray scattering topography has enabled us 1o observe a quantitative

orientation distribudon. )

And crvstallographical correlation between the epitaxial lavers
and substrates have been also discussed.™ )

In this symposium we report the depth-sensitive X-ray scattering topographs of
MBE grown InAs on GaAs, owing to diffcrent penetration depth of diftferent diffraction
index.

A Be-doped InAs laver was cpitaxially grown to a thickness of 1.0 1um by MBE
on Cr-Q doped GaAs substrate which has a (001) surface onentation. The prepared laver
has indeed two small local irregularitics clearly observed in an optical micrograph. but
otherwise it is perfectly mirrorlike.  Throughout the X-ray cxperiments Co K« radiation
wis used.  Penetration depth of (004), (002) and (()6) were calculated 0.6, 1.0, 5.8 pm,
respectively, by dynamical theory. The experimer. i results present depth sensitivity
depending on different diffraction index.

References

1) Y. Yoneda and Y. Chikaura, Z. Naturforsch, A37, 412 (1982).
2) Y. Chikaura, Y. Yoneda and G. Hildebrandt, J. . Cryst. 18, 48 (1982).

3) Y. Chikaura and Y. Takata, jpn. J. Agpl P;z L378 (1996). ,
4) Y. Chikaura and Y.Suzuki, J. Appl st 219 (1993 '
5) Y. Suzuki, Y. Chikaura and T, Ap_rl Phys. Lett. 56 1858 (1990).

6) Y. Suzuki and Y. Chikaura, J. A I Phys. 70, 1290 (1991).

Y. Suzuki, Y. Chikaura and H. Kii, J. Phyq D 26, AB6 (1993).

F.ﬁe&.«.-_. w ks




ety o

L

1o

HIGH-RESOLUTION STUDIES OF DOMAINS IN CRYSTALS OF THE
KTiOAsO4 FAMILY

S. J. Teat*, P. A. Thomas" & G. M. Loiacono’
* Department of Physics, University of Warwick, Coventry, CV4 7AL, U.K,
t Crystal Associates Inc, Waldwick, New Jersey, 07463, USA.

The aim of this investigation is to determine how crystals o7 the potassium titany)
arsenate, KTiOAsQy, family can be optimized for application in nonlinear optical

devices.

KT10AsOy (KTA) is an analogue of the nonlincar optical crystal KTiOPOy (KTP)
which is widely used in sccond-harmonie generation (SHG) from Nd:Y AG radiation at
106 um. The inital work!!h on KTA suggested that it was supenor to KTP for SHG

from Nd:YAG laser sources. However, subsequent workers!?!

could not reproduce
these results. These later failures to achieve the expected performance were thought to
result from the presence of 180 ° (palar) domains in as-grown KTA. Somie controversy
raged about this for a number of years with evidence for and against the presence of

. , 3
domains being reported. Eventually, the original workers! !

reported that therr results
had been obtained on crystils uniatentionally doped with et Although this
accounted for the unusual etheieney of their KTA samples, much confusion about the
nature ol the domann-structure i KTA crvstals grown from ditfcrent fluxes in the

presence of difterent dopants such as [nand Fe, remanns today.

In order to resolve the current contusion about these crystals, high-resolution
diffraction (rocking curves and reciprocal space mapping) and topography are being
employecd to investigate both domain formation in parucular and the quality ol the
crystals 1n general. The question of whether or not polar donains are present is
addressed by the choice of reflections that are particularly sensitive to anomalous
scattering ut the CuKa wavelength. The instrument used is the Philips HRD employing
a 4-bounce Bartels monochromator set for Ge 220 with tnple-axis attachment as and
when required. The results oblained so far are presented here and discussed in the
oontext of the optical performance of these materials.

(1] J.D Bierlein, H.Vanherzeele & A.A.Ballman, Appl. Phys. Lent 84, 783 (1989)

[2] G.M.Loiacono, D.N.Loiacono, J.J.Zola, R.A.Stolzenberger, T.McGee &
R.G.Norwood, Appl. Phys. Lett 61, 895 (1992)

(3] J.D Bierlein, H.Vunherzeele & A.A.Ballman, Appl. Phys. Lent 61,3193 (1992)

[R74Y



Pl

X-RAY INTERFEROMETRIC COMPUTERIZED TOMOGRAPHY

K.G.Trouni and L.A.Haroutunyan
Faculty of Physics, Yerevan State University, Manoukyan
St.1, Yerevan 375049, Armenia

The possibility of diagnostics of weak deformations of monocrystals by means of
computerized tomography (CT) based on the phenomenon of dynamical diffraction of
hard X-rays
on crystals was considered. Having this aim in view, a geometrical optics of dynamical
diffraction of X-rays in crystals was developed in the analogy with {1}, but in the
approximation of rectilincar trajectories. This essentially simplificd mathematical
treatment of the problem and allowed to apply carly developed CT algorithms to other
interactions of radiation with a sample.

In the proposed scheme a spherical X-ray wave is incident on crystalline plate oriented
according to Laue case. In X-rays reflected from atomic plunes of the crystal, there arise
interference pattern (anomalous Pendellosung fringes (2]) which is sensitive ta crystal
deformation ficld.

As initial data for CT serve a series of above Pendellosung fringes obtained at different
positions of X-ray sourcc. After the calculation of space distributions of phase differences
in interfering beams a reconstruction of the initial deformation ficld is made by using the
CT procedure of finite series expansion, witch was slightly modified based on the features
of our scheme. A computerized simulation of the experiment and further restoration of
crystal deformation field showed sufficient accuracy and stability of the proposed
technigue against imminent experimental errors of ditferent types.

[1] EN.Chukhovskii and A.A.Shtolberg, Phys.Stat.Sol.

41 (1970) 815.

{2] V.V.Aristov, V.LPolovinking, A M. Afanas’ev and

V.G.Kohn, Acta Cryst. A36 (1980) 1002,
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X-RAY GEOMETRICAL OPTICS IN RECTILINEAR PATH
APPROXIMATION

K.G.Trouni, L..A.Haroutyunyan and G.M.Hovanissyan
Faculty of Physics, Yerevan State University, Manoukyan
St. 1, Yerevan 375049, Armenia

The geometrical optics of X-ray diffraction in distorted crystals was developed in [1,2].
Our derivation is analogous to that in many respects except for the fact, that in our case the
cikonal of diffracted rays is independent of the crystal deformation field. In this
approximation the trajectories of diffracted rays are rectilinear and are independent from

the displacement vector of the deformation field of crystals, of course, at the expanse of

introduction of more rigid restrictions on crystal deformations. However, these restrictions
were assessed to allow for deformations sufficient for essential change of diffracted beams
phases and those for interference pattern obtained from the erystal under investigation. We
have familiar ideal crystal solutions with additional phase factor due to the crystal
deformation. The paths of rays as well as their amplitudes are similar to those for the ideal
crystal, the additional phases equal to the integral along the ray paths and depends from
displacement ficlds. Caleulations in geometrical optics approximation and by numerical
integration of Takagi's equations are compared.

1] V.L.Indenbom and F.N.Chukhovskii, Usp Fiz.Nauk 107 (1972) 229,
(2] EN.Chukhovskii and A A Shtolherg, Phys.Stat.Sol. 41 (1970) 815,
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TOPOGRAPHY METHOD OF QUANTITATIVE STRUCTURE INVESTI-
GATION OF SUPERLATTICES AND DISTORTED CRYSTALS

E.M.Trukhanov
Imstitute of Semiconductor Physics, Academy of
Scoiences of Russia, Siberian Branch, Novosiblrsk

Even the most  perfect  semiconductor  superlattices
S are usually  grown with SLoperiod inhomogencity of
rthe order of 1% across the surface ot a water  Becanse of
thia, Lthe development of the quantitative X-ray Lopograp
hy method, known for imperfect crystals [1,2], becomes
possible Such 4 metnod is presented 1 the roport for
the first time.

I [1.2) the information results from the i1nvestiga-
tion of behavior of the diffraction contours 1n tLopog
raphs . For  topography measurement of an impetrtoct crys
tal,  the use of a single reflection can be suftficient.
For 3L, at  least 3 reflectionsg (the substrate peak and
bwo S gatellites) must be used.  The method proposed can
work  for observation and cal-ulation of inhomogeneity of
3 types of SL oparameters across the surtace of the wafer
Thege  parameters  are the SLoaverage composition,  taken
within the 81, thickhess, the 8L period, and the SL o orien-
Lat.ion  For application of the method, the high-intensity
X ray source 1 preguired The  Synchrotron  irradiation
oguipment, 1s the most sultable.

Thors adviantageous Lo analyse S50 inhomogeneity 1
Lwor oo Frretly, the qual»tatively observation ot Sl
stivietars 1 s necessary A gearch for several surface ares
ax, o oat o whieh the ditfraction conbours are collapsed [2],
1y desairabloe For  “hese  areas,  the  inhomopeneily  of
stracture patameters iy revesled Lo be ofton maximum  The
secomnd stage of the analys 1s calceulation  procedure  at
areas with  maximum  inhomogeneity  and at predetermined
arvas. The examples of investigations for volume crystal
and 5L structare parameters by the proposed method are
prosented

1. 8 Kikuta et al Jpn J. Appl.Physics vH (1966) p. 1047
E.Trukhanov ot al Cryst Res. Technol.v24 (1989) p.1253
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SYNCHROTRON DIFFRACTION TOPOGRAPHY
ANALYSIS OF AlAs/AlGaAs SUPERLATTICE

.M. Trukhanov, N.V. Nomerotsky, R.M.Amirzhanov
Institute of Semiconductor Physics, Academy of

Sclonces or Russia, Siberianl Branch, Novoeosibirsk

Results of X-ray diffraction topography investigati-
ons of the AlAS/mo.aGao.aAs superlattice (8L) grown by
MBE method on the (100) GaAs substrate are presented. For
topography. the 400 GalAs refiection as well as the SL osa-
Lellites -1, 3, ¢l and +2 situated in the neighborhond of
this cubstrate pretflection were used.  To enhance the  1n-
tonsities  of satellite peaks the equipment ot Siberian
synchrotron Irradiation Center wias emploved.

A hhegh arradiation intensity permitted Lo registrate
the satellite retlection Lopograpns direetly at She fluo-
resscenes sereen These "sereon™ satel i tbe topographs gave
possibility Lo observe  the diftracticn  contours moved
with  specimen rotation around the Bragg axis. [n topog-
raphs,  recorded using different satellites, contours mo-
verl at ovarious directions and with various veloeibies. By
gornyg aceross the surtfuace of the  specimen.,  the observed
preture was conxiderably atrected Thesen »ffecty allowed
Lo chmose Lhe area of S0 o wairbh maxaomam distortions for
subsoquent, analveirs and measurement procedure asing the
proposed method (see abstract by frakhanov o thiis 1s-
Sue)

To ecaleulate the SL distortiocns the seriles of topog-
raphs were pegiatrated on photoplates using the substrate
retlection and the mentioted satellites. Topographs sho-
wing the contour behavior tor different satellites are
presented in the report. The values of maximum variations
ot 3L period (1.9 nm) and of average SL composition
(8,6x10"% at.traction) have been calculated. The values
of SL parameters were 148 nm for SL period and 0.65

st fraction of Al for average composition.
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ACCOUNMTING FOR CORRELATED ROUGHNESS EFFECTS
IN X-RAY GRAZING-INCIDENCE DIFFRACTION ,

A .P.Ulyanenkov aud S.A.Stepanov
[ustitute for Nuclcar Problems, Minsk 220050, Republic of Belarus

b Recently the X-ray grazing-incidence diffraction method (GID) has been effectively

applied to the studies of synthetic multilayers (sce, for example, [1]). It has been
| shown experimentally that various kinds of defects in multilaye.. can be distinetly
measured with GID. However, there is a lack of theoretical models. We believe that
a new matrix approach for description of GID in multilayers proposed in {2} can be
used as a basis for these imodels. In particular this approach has been extended for
uncorrelated interface ronghness in multilayeis {3].

In the present report we propose an advanced theory which takes into account
the effects of correlated roughuess. Our method provides the computation ot GID
intensities with respect to the s interfacial roughness, height-lieight correlation
length and amplitude.

The GID intensities are calenlated in the dynamical diffraction approximation
and the corrections due to toughness are caleulated in the first Born approximation.
The total scattering matrix has the form:

. rorr 5 l . ) » , . l - .
<-\> = <"’> | + 5 Z.‘luu(“‘ L (“L SRS )"*n""udv -+ >1' L."fn/

u#r I

where <'ﬂ> is the final scattering matrix for multilayer structure with nucorrelated
interfacial roughness as in [3], v* are the roots of the dispersion equation of dy-
namical dilfvaction i the p-th layer; &y is the module of the Xoray wave vector in
vacun: a, s the ts roughiness height for g-th interface: g, is the nondiagonal
matrix clement of covrelator matrix: g, = vyexp{-17, - Z.|/ w1}, The parame-
ters ooy and oy are the amplitnde and length of correlations. respectively; 7, is the
coordinate of g-th interface. The limits of validity of the Born approximation are
discnussed.

The computations carried out with the developed computer program show that
GID can be employed as convenient tool for nondestructive characterization of epi-
layers thickness and interfacial roughness and height-height correlations hetween
microstructures of different interfaces in multilayers and superiattices,

(1) H Rhan, U Pietsch, S.Rugel, H.Metzger, J.Peisl, J. Appl. Phys. T4, (1993) 146,
[21 5.A Stepanov, Kristallografiva 39, Nr 2 (10 M) in pross.
[?] S.A.Stepanov and R.NGhler, submitted to ', Appl. Phys. (1994)
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DETERMINATION OF THE LATTICE RELAXATION
OF NANOSTRUCTURED SIGE/SI PILLARS
BY HIGH-RESOLUTION X-RAY DIFFRACTION

P. van der Sluis and C.W.T, Bulle-Lieuwma

PLilips Research Laboratories, Prof. Holstlaan 4, 5656 AA
EinzZuoven, The Netherlanos

Two-dimensional periodic arrays of pillars have gained
much interest in view of the fabrication of nanoscale
features in Si [1]. We have made Si, ,Ge, pillars by etching
an (001) oriented Si wafer epitaxially overgrown with
Si, ,Ge,. The pillars were etched to such a depth that the
lower part consists of Si and the upper part (top) of
si,.,Ge,.

We employed high-resolution X-ray diffraction to
obtain the periodicity and shape of the pillars and the
lattice parameters in the pillars. A Philips high-resoluti-
on diffractometer (HR-1) was used with four ¢e 1220) re-
flections in the monochromator, tuned to the CuKal line at
0.15406 nm. For the two-dimensional mapping a receiving
slit was used in front of the detector to obtain enhanced
resolution in the diffraction angle.

Two-dimensional maps near the 113 and 224 reciprocal
lattice points of two-dimensional periocdic arrays of small
(<250 nm) semiconductor pillars were measured and compared
with kinematical diffraction-model calculations {2]. Thase
are based on Fourier transformation of the Si and Si, , Ge,
parts of the grating separately.

The pericdicity of the grating is obtained from the
distance of the satellite peaks c¢lose to the Bragg peak
that originate from the three-dimensional periodicity of
the crystal lattice.

The thickness of the Si aand $8i, ,Ge, parts and width of
the pillars are determined by matching the intensity of the
individual satellites and the intensity ratio of the Si and
Si,.,CGe, parts of the diffraction pattern.

We will show that complete lattice relaxation occurs
in the small (200x200 nm?) pillars, whereas the lattice is
fully strained in large (10x10 mm?) pillars.

{1] p.B. Fischer and $.Y. Chou, Appl. Phys. Lett. 62,
1414 (1993)

{2] P. van der Sluis, J.J.M, Binsma and T. van Dongen,
Appl. Phys. Lett. 62, 3186 (1993)
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DYNAMICAL THEORY APPLIED TO CRYSTALS WITH A
STATISTICALLY DEFORMED LAYER.
Yartanyants LA.'V), Guigay J.P.(2),

(1) AV Shubnikov Institute of Crystallography RAS. Leninsky pr. 59, 117333
Moscow, Russia.

(2) Laboratoire Louis Neel. CNRS. Grenoble, France.

The statistical dvnamical theory lealing with an homogencous distribution
of microdefects was first proposed by Kato (1), Later, the angular distribution
of the diffracted intensity was considered in (2).

X-ray intensity diffracted by statistically deformed  cervatals s usually
considered as the sum of a coherent 1., and an incoherent ;. components,
which can be separated experimentally by using the technique of triple-crystal
diffractometry (3). The present work deals with numerical calculations of the
angular distribution of 1I.,, from a crystal with a statistical distribution of
microdefects located in a surface layer. in the frame of the theory developed
in (2). The lattice spacing of the layer was taken slightly different from the
lattice spacing of the perfect substrate (such a situation can appear for
instance in the case of epitaxial growth). The statistical layer deformation is
defined, according to (1) by a static Debye-W -ller factor E and a correlation
function g(¢). We have used different models for g(¢), an exponential model
g(§)=exp(- 1&1 /t) and a function corresponding to spherical amorphous
clusters. In our calculations of the coherent intensity, 5., diffracted by the
substrate and 1, diffracted by the layer correspond to different angular
ranges because of the macroscopic deformation of the layer. Our results show
that I, depends strongly on the value of E and on the value of the
correlation length 7 =]Jdx g(§) only and practically does not depend on the
model of correlation function. The strong dependence on Tt gives opportunity
to determine t directly from experiment if E is known. On the contrary the
behavior of Is.,, appears to be strongly dependent on the form of the
correlation function g(¢).

(1) N.Kato, Acta Cryst, A36, 763-778, (1980).

(2) V.ABushuev, FizTverdTela 31, 70-78, (1989); Sov.Phys.Solid State 31,
1877-1882, (1989).

(3) Alida, K.Kohra, Phys Stat.Sol.(a), 51, 533-542, (1979).
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X-RAY STANDING WAVES AND HIGH PRECISION X-RAY
DIFFRACTION IN REAL CRYSTALS. THEORY AND
APPLICATIONS.

Yartanyants LA., Kovalchuk M.V,

AV . Shubnikov Instittae of Crestallography RAS, Leninsky pr. 9, 117333 Moscow,

Ruswva.

The X-ray Standing Wave (XSW) method now s o powerful ool for
determining the structure of surfaces and the postion ot adsorbed atoms on
the top of the crystals. In the most of applications ot XSW method dvnamical
theory of X-ray propagation i a perfect erystal s used. However this method
can be successtully apphed also for investigation ot the structure of the real
crystals for eg. crvstals with delformed surface  lvers. 1t gives also an
opportunity to determine the position of the mipurity atoms in that structures.
General theory of XSW method in real enstals i presented. The possibilities
of the method are demonstrated on several examples. Investigation of  the
implanted crystals: structure of Si crystals implanted by Fe and Ni atoms.
Investigation  of  artificial  nanometer-scale  materials:  structure of
(InAs)(GaAs), layered crystals. Combination of XSW and High Precision
Diffraction methods opens the possibilities for phase analysis and gives an
opportunity tfor the unique de.ermination of the profile of deformation of the
crystal surface. Theoretical results for investigution of the bent crystals by
XSW method are also presented. There were obtained angular dependencies
for the secondary radiation yield (photoemission and {luorescence) in such
crystals,. The behaviour of the wavefields in the volume of the curved crystal

were also investigated,
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THE DETERMINATION OF QUASLEPLASTIC STRAINS IN A CRYSTAL
PLATE BY THE SOLUTION OF THE INVERSE PROBLEM OF THE
ELASTICITY THEORY (A ONE-DIMENSIONAL CASE).

A.E.Voloshin, 1.L.Smolsky
Institure of Crystallography of RAS, Lemnsku prosp. 59, 117333 Moscow, Russta

A series of plane wave topographs can be used for the reconstructing of distor-
tion field in a crvstal plate In the case of a weak distortion it components w can be
calculated 1n the form of halflone images from the svstem of linear cquatidns using
original topographic wnages [ | |

The w, obtained provide the determination of a one-dimensional distribution of
a predominant impurity in the plate Following wuthors of (2] one can obtain the solution
by the backward calculations using just one of the w, Analysing the solution we have
found that the error can reach a large value especially for materials with a high Poison's
ratio In some cases, when the transter function for the chosen w, tends to zero the solu-

tion may be fully incorrect

The consideration of the linearized inverse problem of the elasticity theory pro-
vides the solution with a good accuracy if the elastic strain gradient is quite low In pre-
sent work the problem has been solved for the case of anisotropy both of the crystal and
point defect properties and under assumption that the distortions are measured on a
small (but non a zero) distance from the sample surface The crystal plate has at least
one elastic symmetry plane paraliel to the crystal surface then the function of the impu-
rity distribution f/x) can be represented as a linear combination of at most four
measured distortion components

fix)= Zlnw,l(x;‘
[V

In a fully orthotropic case it requires of only two u'-:, The coeflicients /, of the combi-
nation are the functions of the elastic properties of the material and impurity. Such a rep-
resentation of f(x) is right for any point of a plate but just near the plate surface the
error of the solution is most low. The later condition is suitable to the X-ray topographs
made in Bragg geometry. Due to the simplicity of the solution form it also can be ap-
plied to local detecting of impurity concentration by means of X-ray diffractometry tech-
niques.

| The estimating of the solution accuracy indicates that the error is of the order of

(r/;l)z (here A is a period of impurity inhomogeneity, - a distance from the plate sur-
face) and decrease with increasing of Poison's ratio.

References.
1. A.E.Voloshin, I.L. Smolsky. Kristallografiya, (1993), 38, #4, 12.23.
2. V.Lerche, P.Dornfelder, J Hartwig. Phys.Stat.Sol.(a), (1991), 128, 269-283.
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APPLICATIONS OF X-RAY TOPOGRAPHY OF SILICON WAFERS
IN AN INDUSTRIAL LABORATORY

S. Weeren
IBM Analysis Service, Dept. 0346
{BM Produktion GimbH, Postfach 266, 71044 Sindelfingen, Germany

The IBM Analysis Service supports internal (e.g. 4 MBit line in Boblingen) and external
customers in a wide spectrum of physical, chemical and metrological methods. Here,
typical applications of Single Crystal X-ray Topography are presented to demonstrate
the usefulness and benefits in supporting silicon device fabrication.

The RIGAKU LGL-8 Lang Camera with a 18 kW rotating anode, an on-line imaging
and warpage correction system is used for rapid analysis of wafers up to 200mm.

Dicing Problem: severe edge chipping and rapid blade wear out occurred during dicing
the wafers. First, the reason was believed to be a new charge of blades from a new
supplier. But Topography could quickly reveal heavy crystal damage as the responsible
factor. Analysis of wafers after the most critical hot processes identified HIPOX (High
Pressure Oxidation) as the source of the high dislocation density.

The reason was a 4 times higher take out speed from an oven than normal. Thus,
faster cooling at the wafer rim resulted in stresses exceeding the yield point in the middle
and dislocations were punched out at the Si/SiO, interface (TEM)

Subsequently, the WIP (Work in Process) was inspected with the on-line camera system
and the affected parts (lots) were routed to a "super smooth" dicing process.

Epi-Wafer Optimization: Two trends characterize today's manufacturing of p’p’
epitaxial wafers: a) Reduction of interstitial oxygen in the p' bulk 1o increase the defect
free zone under the epilayer. This results in lower intrinsic gettering efficiency which is
counterbalanced by extrinsic gettering of defects introduced by backside sand blast.

b) Replacement of batch epi-reactors by single-wafer reactors to increase the thruput
and to improve the epi thickness and carrier concentration profile. The first generation
of these reactors is plagued by a high probability for slip generation.

X-ray topography demonstrates its versatility in detecting the above defects by
transmission and cross sectional imaging. Especially in these cases of low defect density
it is supericr to etching methods.
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THE NUMERICAL SIMULATION OF BRAGG-CASE
TOPOGRAPHIC IMAGES OF DISLOCATIONS AND
PRECIPITATES IN GAAS EPITAXIAL LAYERS

W. Wierschowski!, K. Masur', K. Wieteska?

! Institute of Electronic Materials Technology 01-919 Warsaw, ul. Wdlczyriska 133,
POLAND

3 Institute of Atomic Energy 05-400 Otwock-Swieri POLAND

The numerical integration of Takagi-Taupin equations was used for simulation
of the back-reflection double-crystal images of crystallographic defects in GaAs
epitaxial layers. In particular, the images of dislocations inclined to the surface,
of point-like precipitates and misfit dislocation crossings weare studied in aspect of
their identification in practical examination of epitaxial layers.

The actual program used the formal assumption of the finite crystal thickness.
That allowed us to use the integration grid with boundaries situated far from the
defects, and less time consumable extension of the simulated area. The simulations
took into account the diffraction effects both in the layer and in the substrate and
diffused lattice parameter profiles. The divergence of the beamn was into account by
adding of 50-100 plane-wave images. That improved the reality of the simulaiions
by dumping some of the interference fringes.

We found that the images of dislocations, especially those inclined to the sur-
face, are dominated by the direct dilatation-orientation contrast. The similarity
of the contrast coming from Takagi-Taupin theory and that given by Bonse's ap-
proximation was confirmed. The greatest amount of the interference eflect was
observed for the images of point-like defect. The difference of the images taken
in equivalent points of the layer and substrate peak was relatively small for the
dislocations inclined to the surface.

The theoretical images were compared with the experimental topographs of
4-5um thick GaAs epitaxial Yayers grown with MOCVD technique. The GaAs
substrates with low concentration of defects, topographically examined before the
growth process, were used. A high perfection of the epitaxial layers was confirmed
and most of the dislocation in the layers was found to be the continuation of those in
the substrates. Several cases of good correspondence of simulated and experimental
images of dislocations was found.

The work was sponsored by The Polish Committee of Scientific Researches
(grant no. 1130/88).
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THE TRANSMISSION DIFFRACTION PATTERNS OF SILICON IMPLANTED
WITH HIGH ERERGY a-PARTICLES

K.Wieteska!, W.KX. Wierszchowski®

! Institute of Atomic Energy 05-400 Otwock-Swierk POLAND

? rnstitute of Electronic Materials Technology, 01-919 Narsaw,
ul. Wélcsydska 133. POLAND

2 mm thick silicon wafers, implanted with 4-5 MeV a-~
particles are studied by means of transmission diffraction
topography including single-crystal projection (i) and section
(ii) methods and transmission double-crystal method (iii).

It was found that all the three methods produced a
negligible contrast in the symmetric transmission reflection,
apart from soms fragments of the implanted-area boundaries. That
oints to the continuity of the lattice planes and the unchanged

nterplanar distance in the case of lattice planes perpendicular
to the surface of the sample.

The distinct interference fringes were observed with all the
three methods in the case of asymmetric reflections. The
appearance of the fringes in different methods and in different
reflections was in general agreement with the prediction of the
Bonse~Hart model (U. Bonse, M. Hart: phys. stat. sol. (a) 33,
(1969), 351), but some features of the topographic image,
raequiring more complicated models, were found. In particular, the
section topographs exhibited the curvature of the fringes, which
may be interpreted as due to the change of the implanted ion dose
along the beam intersecting the crystal.

The simulations of section and double-crystal topographic
contrast were obtained using a program based on the numerical
integration of the Takagi-Taupin equations. The deformation
field, confirmed by our previous investigations in the back=-
reflection geometry was assumed (K. Wieteska, W. Wierzchowski:
paper submitted to physica status solidi (a)). That assumed a
gradual change of the interplanar distance of the planes parallel
to the surface, according to the function obtained using
Biersack-Ziegler TRIM-85 program or approximated by a fragment
of hyperbola.
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CHARACTERIZATION AND RELAXATION OF II-VI-EPITAXIAL
SEMICONDUCTOR LAYERS BY HIGH RESOLUTION X-RAY
DIFFRACTION

H. Wilmann!", R. Schénfeld!"), T. Widmer!"), D. Schikora!",

M. v. Ortenberg(? _

Minstitut fir Halblewerphysik und Optik, Technisehe Unoersitdt Braunschweg,
Mendelssohnstrafle 3, D-38106 Braunschwew, (fermany,

Wnstitut fiir Physik, Lehrstuhd fir Magnatotvansport, fumboldt-Unive rsitil zu
Bertin, Invalidenstrafe 110, D-10115 Berlin, Cermany

The width of a rocking-curve (FWHM) is often used as i indicator for the ery-
stalline perfection of a layer. Rocking-curve mcasnrements also represent an el
ficiant tool to provide the perpendicular and the in-plane lattice mismateh for
the determination of strain 1] amd for observing of a relaxation process. For our
measurcments we constracted and used an (non, m)-three-erystal-arrangeiment
to investigale Zule and HgSe/ZnTe-layers, grown on a {001 -orientated GaAs-
substrate as well with molecular-beam-epitaxy (MBS as with hot-wall-epitaxy
(HWE). Our investigations of this semicouductor lavers vielded a dependency bet-
ween FWHM and tayer thickness, Becanse of the Targe tattice mismatel between
ZnTe and GaAs, we used the relations of van der Slais [2] which are generell
accutate, also for this hetero-structures 1o get the perpendicular lattice mismatch
and observed the dependency between relaxation process and laver thickness, We

also cotnpared the different samples grown with MBLE and HWE,

References:

(1] J. Hornstra and W.J. Bartels Dotermination of the lattice constant of
epitaxial layers of 11I-V compounds. J. Cryst. Growth, Vol. 44:pp.5113-517,
1978,

(2] P. van der Sluis Determination of strain in epitaxial semiconductor layers
by high-resolution X-ray diffraction. J. Phys. D: Appl. Phys., Vol. 26(4A):
pp. A188-A191, 1993,
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HRXRD Investigations on MOVPE and MBE grown ZnSe/GaAs :
and ZnSe,Te;_,/GaAs Layers ‘

K. Wolf, S. Jilka, W. Hiackl, M. Kastner, H. Stanz!l and W. Gebhardt

Institut fir Festkorperphysik, Universitdt Regensburg, Universititsstrafe 31, 93058 Re-
gensburg, Germany
Key words: HRXRD, ZnSe, ZnSeTe

Single crystalline ZnSe, and ZnSe, T, .., layers were grown by metalorganic vapor phase
epitaxy (MOVPE) on (001) GaAs substrates. The lattice mismatch between epi-layer
and substrate is ~0.27% for ZnSe/GaAs at a growth temperature of 340°C. The corre-
sponding strain can be relaxed by the nucleation of misfit dislocations. The crystalline
quality and the residual strain of the disturbed epi-layer were investigated by mecasuring
rocking curves with a high resolution X.ray diffractometer consisting of a four reflec-
tion monochromator and a two reflection analyzer crystal. The two reflection crystal in
front of the detector for analyzing the scattered beam enables the determination of the
scattering vector ¢ by measuring the reflected intensity near reciporcal lattice points
(RLP). These §-scan maps allow to distinguish effects of mosaicity, relaxation and va-
riations of lattice plauc distances. Different kind of disturbances lead to a broadening
of the intensity distribution near a RLP in different directions in reciprocal space. A
musaic structure of the layer causes a broadening of the ¢-scan intensity perpendicular
to the according reciprocal lattice vector (RLV), whereas a variation of lattice plane
distances lcads to a broadening in the parallel dircction.

For ZnSe/GaAs layers, the FWHM-values of §“scan maps perpendicular to the direc-
tion of the RGP depends on the degree of strain relaxation in the layer. A critical
thickness of 220+£20nm and 100+20nm for MBE and MOVPE grown ZnSe/GaAs-
layers respectively was found. In the direction parallel to the RLV, the FWHM-values
are determined by inhomogenitics of the strain relaxation, which depend on the growth
conditions. The FWHM-values of rocking curves for the (004)-reflection, which are
measured without analyzer crystal and the FWHM- values of §~scan maps perpendicu- '
lar and parallel to the RLV are independent from the growth method for relaxed layers
with d>1um (300", 250" and 80").

Misfit dislocations can be devided into an interfacial segment at the layer-substrate-
interface and into a threading segment, which penetrates the hole layer. The density
of the interfacial segments at the interface is determined by the strain relaxation,
and therefore of the same value for relaxed MBE- and MOVPE-layers with d>1um.
However 'Plan-view'-TEM-pictures show a higher density of threading segments for
MOVPE-layers compared to MBE-layers of the same strain relaxation. In HRXRD-
measurements, the same FWHM-values of (004)-rocking curves for relaxed layers are
observed. Obviously, the broadening of the scattered X-ray intensity for the (004)-
reflection is mainly influenced by interfuclal segments.

For ZnSe,Te; -, layers with compositions of 0.2 < x < 0.8 grown on GaAs(001) a spon-
taneous ordering (CuPt-strcture) is observed similar to III-V-alloys as Ga.lIn,.,P.
This ordered structure causes a weak signal of a (111)-reflection, which is forbidden
for a random distribution of Se- and Te-atoms.
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FIRST EXPERIENCE WITH HIGH RESOLUTION DIFFRACTION
EXPERIMENTS ON BEAMLINE 10 AT THE ESRF

P.Zaumseil (a), A.K.Freund (b)
(a) Institute of Semiconductor Physics, PP.B. 409, 15204 Frankfurt(Oder), Germany
(b) ESRE, BP 220, 38043 Grenoble cedex, I'rance

In April 1994 the tirst high resolution diffraction experiments were possible at the three
axes diffractometer on beamline 10 (optics beamline) at the ESRF

The X-ray source of this beamline (BL) is a bending magnet with a source size of about
0.38 x 0 30 mm" at a distance of 40 m with a total power of 224 W at 100 mA. The
reflection plane of the diffractometer is horizontal, following the x-polarization component
can be used only Since at that time the BL did not contain any optical elements, the first
two axes of the diffractometer were used to realize a 220 double crystal monochromator.
An energy of 8.05 keV was selected to have a comparison to measurements at conventional
X-ray generators with CuK,-radiation

We present the results of measurements at 100 oriented Si wafers with pseudomorphic
SiGe layers of different thickness and Ge content, SiGGe multiple quantum well structures,
and very thin (4 um and 1 pm) Si crystals The 400-rocking curves obtained at BL.10 are
compared to similar curves measured at a standard double crystal diffractometer in (n,.-n)
setung, and at a so-called high resolution diffractometer with Bartels monochromator with
and without channel-cut analyzer

Despite of different not optimal factors ( 3 reflections with n-polarization, long beam path
in air with relatively strong absorption, dispersive (n,-n,m) arrangement, etc.) an intensity
gain of niore than two orders in comparison 1o typical parameters of conventional X-ray
sources and diffractometers was obtained. The diffractometer and the X-ray beam are very
stable. Due to the low horizontal and vertical beam divergence no special efforts are
necessary to adjust the sample tilt and no significant broadening of the rocking curve of the
Si substrates caused by the dispersive arrangement was observed. The rocking curves show
an excellent signal-to-noise ratio. This is especially demonstrated in much deeper minima
of the intensity oscillations of layer structures.

These first experiments showed that BL 10 at ESRF will be a very powerful instrument for
high resolution diffraction experiments especially after further improvements of the optics

In front of the diffractometer.
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: ; INVESTIGATION OF STRAINED INGAAS/GAAS QUANTUM WELLS BY
HIGH RESOLUTION X:RAY DIFFRACTION

U. Zeimer, U. Pietsch*, A, C. Oster, . Beister, F. Bugge, M. Wevers

Ferdinand-Braun-Institur fiir Hachsifrequenztechnik, Rudawer Chaussee §.
12489 Berlin

¥ Universitdat Potsdam, Instituet fiir Festkarperphvsik, Am Neaen Palais 10,
14415 Potsdam

Thin strained InGaAs-layers are widely used to design wavelength and clectrical
propertics of senuconductor lasers and transistors on the basis of GaAs,

These properties are determined by the shape of the quantum well (QW) uself, i.e. its
depth, which 1s given by the In-content, thickness and a possible grading of the ' '
interfaces.

Furthermore the possibility of strain relaxation has to be taken into accout depending on

the growth parameters (deposition time, I/V-ratio and substrate temperature) and the

total strain. High resolution x-ray diffraction (HRXRD) was applicd to investigate single

QWs with different In-content sandwiched between GaAs using o ditfractometer

equipped with a four crystal monochromator.

The degree of relaxation can be evaluated by measuring the lattice parameters parallel

and perpendicular to the (001) sample surface using (004) and (115) reflections.

Using the triple axis geometry of the diffractometer the reciprocal space was mapped

around the (004) reflection. Then the sample was rotated by 90 and the two area scans

were compared. 1f the sample is fully strained no difference is observed between both

maps. In the case of partial reluxation one ot the maps shows a shift of the laver peak

in the g,-direction of the reciprocal space with respect to the laver peak. whercas the

shift disappears in the 907 rotated map.

The onset of relaxation by misfit dislocations is also detected in cathodolumimescence.

In samples with a low degree ot relaxation dark line defects (DLDs) are observed in

one [110]-direction only. This points to @ monoclinic distortion of the lattice even in the

initial state of relaxation. That explanation is in accordunce with the arca maps in XRD. '

The experimental (004) rocking curves were compared with theoretical ones using a
" simulation with the Takagi-Taupin formalism. InGuAs-layer thickness d and InAs-
content x were determined from the best fit between the two curves. With these results
i the band structure of the QW can be calculated and the obtained theoretical values for
E the wavelength are compared to the measured PL-wavelength.

For smaller layer thicknesses it was possible to simulate the rocking curve by assuming
shurp QW-interfaces. For thicker QWs a grading on the upper interfuce has 1o be t
included to allow for a good fit of the measured rocking curves. The grading is caused ‘ ,
by In-segregation on InGuAs and subsequent incorporation into the next GaAs layer.
The thickness of this graded layer can be usseéssed using synchrotron X-ray grazing
incidence diffraction. From the simulation of the obtuined curves the thickness of the
graded layer has been estimated to be £ 1 nm for a 12.5 nm thick QW (x = 0.18).
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UNIVERSAL ANALYTICAL TREATMENT i
FOR MANY-WAVE X-RAYS DIFFRACTION IN CRYSTAL PLATE

LU. Zhadenoy

Surface and Vacuum Research Center
Kravchenko str.,8, Moscow, 117331 Russia

In frame of dynamical diffraction theory [1] simple universal analytical solution of : S
problem of N-wave diffraction of X-rays in crystal plate of arbitrary thickness is
obtained. The results can be used for effective direct numerical calculations of

characteristics of mani-wave diffraction.

1. S.L. Chang, Multiple Diffraction of X-Rays in Crystals,
Springer-Verlag, 1984
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SOME CRITERIA FOR MINIMIZING THE HEAT LOAD PROBLEM IN
WHITE BEAM TOPOGRAPHY.

Federico Zontone, Jirgen Hirtwig, José Baruchel and Andreas Freund

Furopean Synchrotron Radration Facility, B.P. 220 Grenoble, I'rance

The major drawback when working with very intense beams like those delivered by
third generation synchrotton radiation machines is the huge amount of power
impinging on the first clement encountered by the beam. This is extremely crucial tor
the white beamn topography technique, since the first element is the sample itself. The
large beams normally used for topography may reach power loads of 10 W/mm?* or
more at normal incidence, and may casily introduce some non negligible thermal
distortions that make the topographs meaningless, or even destroy the sample. Usually
the first eftect that appears in the topographs is some contrast associated with the
thermally distorted area of the sample. Depending on the type of material,
i.c. conductor or insulator, some criteria are derived for both cases in order to
minimize such undesired distortions of the crystal. These concepts are also important
for monochromators which have to deliver large homogencous beams. One of the
solutions to avoid complicated cooling geometries is to use thin crystals
Topographical and diflractometrical measurements were carried out in order to
determine the thermal distortion and the average temperature gradient tor different
filtering conditions. This allows the mathematical model used for the cniteria to be
checked  and the feasibility of the "thin crystal” option as a possible hard X-ray
monochromator to be determined.
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Photodiode scintillation detector
CdTe-semiconductor radiation detector
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